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CORRIGENDUM. 

Vol.  liii.,  p.  137,  lines  1  and  2  should  be  transposed  to  the  top  of  p.  136. 


IRON  AND  STEEL  INSTITUTE. 


I 


SECIIOB  I. 
MINUTES    OF    PROCEEDINGS. 

STOCKHOLM   MEETING. 


\ 


■Odi 


The  AoTOMN  Meeting  of  the  Iron  and  Steel  Institute  was  held 
at  the  Palace  of  the  Nobility  (Riddarhuaet)  on  Friday,  August  26, 
1898 — Mr.  Edward  P.  Martin,  President,  in  the  chair. 

Baron  Tamm,  the  Governor- General  of  Stockholm,  in  wel- 
couiiug  the  Institute  to  Sweden,  said :  Gentlemen,  on  behalf 
of  the  Swedish  ironmasters,  who  have  made  bold  to  invite  the 
renowned  Iron  and  Steel  Institute  to  visit  our  country,  and  also 
on  behalf  of  the  inhabitants  of  this  city  of  Stockholm,  I  beg  to 
bid  you  a  moat  hi'arty  welcome  to  ua,  to  Sweden,  to  its  capita!, 
and  to  this  building,  where  formerly  the  pohtical  interests  of 
our  country  were  deliberated  and  discussed. 

We  cannot  but  consider  it  as  a  most  distinguished  honour  you 
■a«  conferring  ou  us  by  assembling  here  for  this  annual  meeting, 
eg   to   return   our  best  thanks  to  the  President  and 

mncU,  who  have  conceived  the  idea  of  selecting  our  country 
for  this  purpose,  and  to  all  the  members  of  the  Institute  for 
carrying  out  this  generous  idea  by  accepting  our  humble  and 
respectful  invitation.  As  coming  events  throw  their  sliadows 
before,  your  arrival  has  been  preceded  by  the  prestige  and  high 
reputation  of  the  Iron  and  Steel  Institute. 


2  BARON   TAMMS   KBMAKKS. 

We  liave  Ibarut  lung  ago  lo  aiiinire  the  geuius  of  your  in- 
ventors, the  grandeur  and  universal  beariug  of  your  discoveries, ', 
your  pre-eminent  practical  energy,  and  your  grand  style  i 
managing  to  create  and  to  develop  the  iron  industry  of  yoa 
country.  Tliis  industry  has  been  practised  even  in  Sweden  a 
ago,  altbougli  we  have  only  succeeded  as  yet  in  obtaining  but  rathfl 
modest  results  on  a  quantitatively  modest  scale,  and  thus  it  i 
— and  how  could  it  be  otherwise  V-^that  we  Swedish  ironniastei 
greet  your  coming  and  the  sight  of  you  in  our  midst  with  jo; 
and  delight,  hailing  you  as  our  teachers,  our  masters. 

I  beg  to  appeal  to  your  benevolent  complacency  and  forbeat 
ance,  that  you  will  kindly  accept  the  plain  and  unpreteudiu 
reception,  which  is  all  we  have  to  offer  in  answer  to  your  genetofl 
coining. 

We  should  be  very  happy  if  we  succeeded,  to  some  extent,  i 
rendering  your  stay  amongst  us  at  least  so  far  tolerable  that  yon 
time  may  not  be  altogether  wasted,  and  that  the  pains  and  troubl 
you  have  taken  by  leaving  your  comfortable  homes  may  ne 
prevent  you  from  leaving  with  a  kind  remembrance  of  on 
country,  our  city,  and  our  free  institutions. 

And  now  I  have  the  honour  to  offer  this  hall  to  the  membei 
of  the  Iron  and  Steel  Institute  for  their  meeting,  and  beg  to 
request  that  it  may  please  the  lionoural)!e  I'resident  of  the  Insti- 
tute to  take  this  chair,  and  to  open  the  meeting. 

The  President  said  the  Council  and  members  of  the  lustitul 
highly  appreciated  the  compliment  conveyed  by  Baron  Tanu 
receiving  them  in  his  official  capacity  as  Governor-General  ( 
Stockholm.  But  it  was  especially  gratifying  to  the  mem1>ei 
of  the  Institute  to  be  received  by  his  Lordship,  not  only  t 
Governor-General  of  Stockholm,  but  also  as  President  of  tli 
ancient  body  —  the  prototype  of  their  own  Institute  —  th 
Jernkontor,  an  association  that  dated  back  to  a  time  when  tfa 
oldest  English  works  were  in  their  infancy,  and  still  confei 
with  unabated  energy  the  benefits  which  bad  done  so  much  ft 
Sweden  and  for  its  iron  and  steel  manufactures. 

Many  of  them  were  visiting  Sweden  and  the  beautiful  city  ol 
Stockholm   for  tlie  first  time,  and  they  could  not  forget  that  in 
,'  this  country  they  were  on  classic  ground — the  nursery 
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!  iron  and  eteel  industries,  the  birthplace  of  EinmaD,  Bergman, 

'  Sefaeele,  and  Berzeliua.     He  again  thanked  Baron  Tamm  and  the 

Reception   Committee  most  heartily  on   behalf  of  the  Institute, 

and  he  could  only  add  that  he  failed  to  find  words  lo  thank  their 

hosts  sntliciently  for  their  kind  and  hearty  welcome. 

He  had  an  announcement  to  make,  which  he  was  sure  the 
Institute  would  receive  with  acclamation,  and  that  was  that, 
in  recognition  of  Baron  Tamm's  merits  as  ironmaster  and 
statesman  and  President  of  the  Jernkontor,  the  members  of  the 
Council  had  unanimously  elected  him  an  Honorary  Member  of 
the  Iron  and  Steel  Institute.  This  was  the  highest  honour  that 
they  could  bestow  upon  his  Lordship. 

Baron  Tamm,  in  reply,  be<4ged  to  return  his  most  liearty  and 
sincere  thanks  for  the  high  honour  they  had  conferred  upon  him, 
and  be  ventured  to  accept  it  in  the  name  of  the  Jernkontor. 

An  address  of  welcome  was  also  given  by  Mr.  A.  Nordstrom 
on  behalf  of  the  Society  of  Swedish  Engineers  and  Architects. 
He  said  friendly  relations  had  fur  a.  long  time  existed  between 
Great  Britain  and  Sweden,  and  they  had  the  most  pleasant 
technical  and  commercial  connections  with  the  people  of  the 
United  Kingdom,  connections  which  they  hoped  that  meeting 
would  strengthen  and  enlarge.  Wlien  they  received  the  notice 
that  the  Institute  were  going  to  hold  their  meeting  in  Stockholm, 
they  felt  it  a  pleasant  duty  to  try  to  make  their  stay  as  interest- 
ing as  possible.  In  order  that  they  might  get  a  good  idea  of 
their  local  industry,  they  had  arranged  for  admittance  to  some 
of  their  more  interesting  factories  and  technical  establishments. 
Of  course  these  works  were  not  to  be  compared  as  to  dimen- 
sionfi  with  similar  works  in  Great  Britain,  but  still  they  thought 
there  might  be  something  of  interest  even  for  visitors  from  that 
coantry. 

The  President  thanked  the  Society  of  Swedish  Engineers  and 
Architects  for  having  so  kindly  arranged  visits  to  tiie  different 
works   in   Stockholm,   which   he  was  sure  would   be   fully  ap- 

^hreciated  and  taken  advantage  of   by  all  the  members  of   the 

^piutitute. 


4  ELECTION  OF  MEMBER& 

The  Secretary  read  the  Minutes  of  the  last  Meeting,  which 
were  confirmed,  and  signed  by  the  President. 

The  President  said  he  had  now  to  announce  that  the  Council 
had  selected  their  next  President  It  had  usually  been  the 
case  that  in  their  choice  they  alternated  between  practical  and 
scientific  men,  and  he  thought  that  while  he  had  some  claim 
to  the  former  denomination,  there  was  no  doubt  whatever  that 
in  choosing  Professor  Boberts-Austen  they  had  chosen  one  of  the 
most  eminent  scientific  men  of  the  day. 

He  had  also  to  announce  that,  in  accordance  with  Bule  10, 
the  following  gentlemen  would  retire  from  the  Council  in  May 
next,  ))ut  were  eligible  for  re-election : — 

Vice-Presidents, 

Sir  William  Thomas  Lewis,  Bart.  Sir  John  G.  N.  AUeyne,  Bart 

Mr.  G.  J.  Snelus. 

Members  of  Council. 

Mr.  Francis  William  Webb.  Sir  Alfred  Hickman,  M.P.  ' 

Mr.  J.  E.  Stead.  Sir  Edward  H.  Carbutt^  Bart. 

Mr.  S.  R  Piatt. 

Mr.  Bedford  McNeill  and  Mr.  F.  Sauer  were  appointed 
Scrutineers,  and  on  the  completion  of  their  scrutiny  reported 
that  the  following  gentlemen  had  been  duly  elected  members 
of  the  Institute  : — 


Namk. 


Audersson,  Axel  Olaf 
Aznar,  Eduardu  de 

Barrett,  Arthur  George 

Beesley,      William 

Thomas 

Beijer,  Gottfried     .    . 

Beijer,  Lorens    .    .    . 


Al>DKKaH. 


Gothenburg,  Sweden 
Bilbao,  Spain 


The   Fort^e,    Bradford, 

Yorkshire 
42  Norfolk  Road,  Shef- 

aeld 
Mai  mo,  Sweden 

Malm5,  Sweden 


Proposers. 

Arthur  Cooper,  David  Evans, 

Herbert  A.  Swan. 
William   WhitweU,   W.    B. 

Dickinson,    Sir   Lowthian 

Bell. 
Joshua      Harding,     H.     M. 

Butler,  Arthur  Horsfield. 
Robert  Colver,  Arthur  Lee, 

George  Senior. 
A.  Greiner,  George  J.  Snelus, 

James  Riley. 
A.     Greiner,     A.     Tannett 

Walker,  James  Riley. 
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Benedicks,  Gustav     . 
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Hadfieid.  John  D.Ellis. 

Berrier-Fontaine. 

Indret,   par   lu    Baive- 

Edward      P.      Martin,      E. 

Marc,  M.Iiist.C.E.   . 

Indre      (Loire-InMr- 

Windsor  Richards,  Sir  B. 

ieure),  France 

Bmoki.   Samuel   Her- 
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bert    

West  Gorton,   Man- 

sou.  Richard  Ogle. 
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■ 

Works,     Openshaw, 
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Bofora,  Sweden 

Lars    Uno    Liadberg,    Car! 

C:w>n     Lindberg.    Jonas 

C:sonKiellherB 
John    D.    Ellis,    George    H. 

Edwarita.     Edward 
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Packer,  T.  E.  Freeston. 
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Gothenburg,  Sweden 
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The  President  said  the  next  business  was  to  proceed  with 
the  reading'  and  discussion  of  the  papers.  The  first  paper  came 
from  the  pen  of  an  Honorary  Member  of  the  Institute  and  & 
Beaaeiuer  Gold  Medallist  (Dr.  R.  Akerman),  who  had  enriched 
their  Trajtsaclionn  witii  no  less  than  four  papers  of  great  value, 
and  this  paper  on  the  "  Development  of  the  Swedish  Iron 
Industry"  was  one  that  could  nut  fail,  in  such  circumstances  aa 
brought  them  there,  to  be  hi^jhly  appreciated  by  the  members. 
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'  OUTLINES   OF  THE  DEVELOPMENT   OF  THE 
SWEDISH   IRON   INDUSTRY. 

Br  RICHARD  AKERUAN. 

Dating  from  prehistoric  times,  the  origin  of  ironniaking  in 
Sweden  may  be  said  to  be  primeval.  In  Sweden,  as  elsewhere 
in  those  remote  times,  only  malleable  iron  and  steel  were  pro- 
duced directly  from  the  ore,  and  the  iron  ore  then  used  was  no 
doubt  only  bog  ore.  When  roek  ores  were  first  mined  in  Sweden 
is  not  exactly  known,  but  that  such  ore  was  used  here  in  the 
beginning  of  the  fourteenth  century  is  proved  by  a  charter,  atill 
preserved,  granted  in  the  year  1303  to  "  Norbergs  jernberg  "  (the 
iron  mountain  of  Norberg). 

Even   the  rock  ore  was  for  a  long  time  exclusively  used  for 
I;  producing  malleable  iron  directly,  the  so-called  "oamund,"  ie. 
\.tbe   name  of  the  unwelded  small   pi<!Ces   of  iron    which   were 
(Obtained  by  squeezing  together  with  a  sledge-hammer  the  lump 
Ipf  iron  directly  extracted  from  the  ore,  and  cutting  it  with  an 
ate  into  pieces,  each  weighing  a  IJttte  less  than  a  Swedish  pound 
Jjf0937  lb.).      In  the  Middle  Ages,  and  down  to  the  sixteenth 
■  century,  these  osmund  pieces  were  very  commonly  used  as  cur- 
rency in   the  absence  of  the   more   precious   metals,  and  their 
'  production,  though  in   a  somewhat  modified  form,  continued  eo 
steadfastly,  that  even  after  the   period  when  the  production  of 
pig  iron    began   in   Sweden,  more  than  one   hundred  and  fifty 
<  may  atill   have   passed  before  iron  ore  mined  out  of  the 
>ck  was  principally  used  for  producing  pig  iron.     The  exact 
:  when  tiie  production  of  pig  iron  at  first  began  in  Sweden 
I  not  known,  but,  to  judge  from  a  transfer  certificate  of  stock 
1  the  "  masungh  "  (blast-furnace)  at  Ahmoqvarn,  bearing  the  date 
'  1461,  it  may  be  assumed  as   certain  that  the  production  of 
ig  iron  had  taken  place  at  that  time  in  Sweden. 
It  is  not  known  when  "Eennwerk,"  or  the  direct  producing 
bf  malleable  iron  from  ore  in  hearths  or  bloomery  firea,  was  first 
hpractised  in  Sweden,  but  it  ia  certain  that  it  was  in  use  at  the 
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time  of  King  Gttstaf  Wasa  (1523-1560).  Aliuost  as  certain  » 
it  that  tlie  primitive  production  of  wrought  iron  directly  from 
the  ore,  at  least  for  the  greater  part,  was  done  in  very  small  and 
frail  vertical  high  hloomery  furnaces.  The  waste  of  time  and 
labour,  as  well  as  of  ore  and  fuel,  coniiected  with  that  old  method, 
must  have  been  enormous,  because  it  is  known  that  only  abonfe 
170  years  ago  the  daily  production  of  such  a  furnace  in  goal 
working'  order  only  amounted  to  about  220  Iba  of  osmund  iron, 
from  which  only  110  to  132  lbs.  of  bar  iron  were  obtained,  Itf 
Finland,  where  eight  aucb  furnaces  were  still  in  use  in  1875,  the 
consumption  of  charcoal  per  unit  of  weight,  with  this  old  method  o 
producing  bar  iron  from  lake  ore,  then  was  about  four  to  five  timai 
as  much  as  the  consumption  now  usual  in  the  Swedish  furnace! 
in  combination  with  Lancashire  fineries,  and  nearly  seven  timet 
as  great  as  in  the  Swedish  blaat-funiaces  combined  with  th( 
Bessemer  process.  As  a  compensation  for  these  inconvenience 
the  old  direct  methods  bad  the  advantage  that,  owing  to  the  loH 
temperature,  the  reduction  became  so  incomplete  that  the  phot 
phoric  acid  occurring  in  the  ore  was  not.  or  only  to  a  very  smtdl 
extent,  reduced,  hut  entered  into  the  slag  as  phosphate.  Eveq 
bar  iron  produced  in  this  manner  from  lake  ores  rich  in  phos> 
pborus  waa  almost  free  from  that  auhstance,  and  thus  it  wu 
possible,  even  before  the  Swedish  rock  ores,  low  in  or  almost 
free  from  phosphorus,  had  begun  to  be  utilised,  to  produce  noj 
only  wrought  iron,  but  also  steel  suitable  for  arms  and  tools. 

That,  with  the  very  moderate  requirements  of  the  smiths  and 
armourers  of  the  Middle  Ages,  the  Swedish  osmund  iron  ^ 
much  valued  even  abroad  is  further  evident  from  the  fact  thai 
the  ironworks  of  the  county  of  Mark  in  Westphalia,  whit^ 
originally  re-worked  Swedish  osmund  in  hearths  to  be  used  i 
billets  for  wire  and  tools,  &*.,  began  towards  the  end  of  th( 
fifteenth  century  to  convert  pig  iron  from  the  district  of  ' 
into  bar  iron  for  similar  purposes,  and  for  their  new  produoti 
improperly  retained  the  famed  Swedish  name  of  osmund,  which 
name  bad  then  for  a  long  time  in  Germany  been  given  to  thtf 
bar  iron  produced  there  from  real  Swedish  osmund. 

On  the  other  hand,  it  is  true  that  complaints  of  non -uniformity, 
in  the  osmund  iron  were  by  no  means  unfounded.  In  the  firs! 
part  of  the  sixteenth  century  King  Guataf  Wasa  therefore  left 
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nothing  undone,  not  only  to  bave  the  osmund  iron  retined  and 
foiled  into  bar  iron  before  exportation,  but  also,  and  still  more, 
to  substitute  the  combination  of  the  blast-furnace  and  open  fire 
for  the  old  direct  method.  Nevertheless,  the  desired  improve- 
meuts  made  verj  slow  progress,  and,  as  far  as  may  be  seen  from 
»  Very  exact  list  of  tax  receipts  of  the  year  1557,  the  Swedish 
make  of  pig  iron  was  not  quite  a  half  of  the  osmund  then 
produced. 

Carl  IX.  and  Gustaf  II.  Adolf  continued  the  efforts  of  their 
father  and  grandfather,  and  in  1636  the  Government  even  went 
80  far  towards  accomplishing  their  object  as  to  put  on  an  export 
duty  on  unhammered  osmund.  However,  it  was  only  towards 
the  middle  of  the  seventeenth  century  that,  compared  with  the 
gradually  increased  production  of  pig  iron,  the  direct  conversion 
of  ore  into  wrought  iron  had  become  insignificant  enough  not  to 
be  mentioned  any  further  in  the  official  reports  of  the  iron 
industry  of  that  time.  However,  it  is  known  that  in  certain 
very  remote  parts  of  the  country  osmund  iron,  though  in  rather 
small  quantity,  was  still  produced  from  bog  ore  up  to  the  end 
of  the  last,  and  in  very  exceptional  cases  even  at  the  beginning 
of  the  present,  century ;  and  in  the  description  of  his  travels  in 
Dalecarlia  in  1734,  LinuEeus  tells  us  not  only  that  wrought  iron 
continued  to  be  produced  there  in  small  high  blooniery  furnaces, 
but  also  that  rich  magnetic  ore  from  Bispberg  there  was  still 
directly  converted  into  wrought  iron  by  "  Eennwerk  "  in  bloomery 
fires. 

After  the  middle  of  the  seventeenth  century,  when,  as  lias  already 
been  shown,  the  production  of  pig  iron  combined  with  fining  in 
charcoal  heartlis  practically  had  been  completely  substituted  for 
the  old  method,  there  followed  a  period  of  about  180  years  in 
which,  compared  with  that  of  other  countries,  tlie  iron  industry  of 
Sweden  held  a  relatively  higher  position  than  in  any  other  period, 
and  more  particularly  than  the  following.  At  that  time  the 
bar  iron  produced  in  the  manner  described  became  the  principal 
article  for  export  of  Sweden,  and  the  demand  for  Swedish  iron 
in  other  countries  was  at  that  period  incomparably  greater  than 
before,  and  still  more  so  than  subsequently.  And  there  is  no 
doubt  that  the  iron  industry  of  Sweden  in  the  eighteenth  century, 
|b  spite  of  the  harassing  wars,  &c.,  might  have  risen  to  a  still 


10  OUTLrtJKS    OF  THE    DEVELOPMENT   OF 

greater  importance,  if  its  quantitative  growth  had  not  been  so 
closely  limited  by  regulating  ordinances  having  for  tlieir  object  the 
checking  a  reckless  and  improper  competition  or  over-production, 
But  to  those  ordinances  we  are  at  the  present  time  indebted  for 
the  advanta'_;e  that  the  woods  in  the  mining  districts  have  not 
been  ruined  to  the  extent  they  no  doubt  otherwise  would  have 
been. 

When  looked  upon  from  a  modem  point  of  view,  the  iron 
industry  of  Sweden  in  the  eighteenth  century  was  very  insig- 
nificant ;  but  during  the  greater  part  of  that  time,  or  as  long  as 
to  the  end  of  the  1780  decade,  it  was  more  considerable  than 
that  of  Great  Britain,  and  during  the  two  decades  of  1720—1740, 
about  twice  the  production  of  the  latter  country,  and,  besides,  I 
have  no  hesitation  in  saying,  there  scarcely  was  any  country  at 
the  end  of  the  1780  period  that  could  present  a  more  considerable 
iron  industry  than  Sweden. 

The  causes  of  tlie  comparatively  prosperous  state  of  the 
Swedish  industry  during  that  period  are  not  difficult  to  find. 
They  were  exclusively  due  to  the  abundance  not  only  ol  iron 
ores  practically  free  from  phosphorus,  and  of  woods  from  which 
charcoal  might  be  oiitained,  but  also  of  water-power,  or  just  the 
three  conditions  on  which  a  successful  iron  industry  was  entirely 
dependent  durin;;  the  greater  part  of  the  seventeenth  and 
eighteenth  centuries,  with  the  methods  then  employed  for  pro- 
ducing iron. 

At  tliat  time,  ores  low  in  phosphorus  were  indispensable,  for 
otherwise  wrought  iron  produced  from  pig  iron  by  hearth-Going 
became  phosphoric,  and  thus  more  or  less  liable  to  have  a  crystal- 
line texture,  with  its  consequence — cold -shortness. 

Before  Darby  in  England,  in  1735,  began  to  use  coke  in  blast- 
furnaces, no  other  fuel  than  charcoal  and  wood  had  been  practi- 
cally used  in  the  iron  industry.  Besides,  it  must  be  added,  not 
only  that  for  hearth-fining,  which,  as  is  well  known,  was  the  only 
way  of  converting  pig  iron  into  wrougiit  iron  until  Henry  Cort, 
in  1784,  invented  the  puddling  process,  charcoal  is  necessarily 
required  to  prevent  the  producing  of  a  marked  red-shortness  as  a 
consequence  of  the  absorption  of  sulphur  intn  the  iron,  but  also 
that  pig  iron  prepared  with  coke  will  not  be  well  adapted  for 
hearth-fining,  as,  in  order   to   avoid   too   higii    a   percentage   of 
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sulphur,  it  must  be  produced  with  »o  great  a  smelting  heat  as  to 
become  too  rich  in  silicou  to  be  fined  advantageously  in  a  hearth 
with  charcoal  without  a  refining  previous  to  tlie  fining.  Thus, 
the  iron  industry  of  this  period  waa  completely  dependent  on  the 
supply  of  charcoal,  and,  as  everybody  knows,  it  was  just  the  cutting 
down  the  woods  in  the  dfnsely  populated  country  of  England 
that  caused  the  decadence  of  its  formerly  flourishing  industry 
until  tiie  secret  was  found  out  of  making  use  of  fossil  fuel,  not 
only  for  the  production  of  pig  iron,  but  also  for  the  fining. 

Before,  in  the  last  decades  of  the  eighteenth  century,  steam- 
engines  began  to  be  used  for  the  service  of  the  iron  industry, 
water-power  exclusively  constituted  the  motive  power  in  all  iron- 
works, and  the  numerous  rivers  of  .Sweden  were  theu  taken 
advantage  of  as  offering  ample  opportunities  for  building  the 
almost  innumerahle  small  ironworks  that  in  this  period  were 
erected  in  the  southern  central  part  of  Sweden,  especially  in  the 
neighbourhood  of  the  minea. 

The  promotion  of  the  Swedish  industry  in  the  latter  part  of 
the  eighteenth  century  was  still  further  aided  by  the  institution,  in 
1747,  of  the  Association  of  Swedish  Ironmasters,  "  Jemkontoret," 
which  was  founded  on  the  initiative  of  Mr.  Backmansson,  after- 
wards raised  to  the  peerage  under  the  name  of  Nordencrantz ; 
and  I  think  the  members  of  this  Institute  will  have  an  oppor- 
tunity of  seeing  that  the  said  Association,  "  Jernkontoret,"  is  up 
to  this  very  day  exercising  an  inHuence  and  an  activity  of  use  in 
many  respects. 

In  the  latter  part  of  the  decade  of  17^0,  the  employment  of 
Swedish  iron  abroad  bcfjaii   to  be  restricted,  and   this  state  of 
^things  became  more  and  more  general  until,  at  the  present  time, 
^Bk  is  only  for  the  most  important   purposes  that  foreigners  can 
^^Ubrd  to  buy  our  more  coBtly  iron.     At  that  time  puddled  iron 
^^Kegan  to  be  made  use  of  in  England,  replacing  Swedish  iron, 
^^bbich    was    no    longer    employed    for    unimportant    purposes 
^^be  effects  of  which  were  so  much  the  more  felt  ss,  with  the 
^^bning  methods  then  applied  in  Sweden,  it  was  not  possible  regu- 
larly to  produce  wrought  iron  of  tlie  same  uniformity  of  softness, 
and  as  suitable  to  certain  manufacturers,  as  the  iron  then  pro- 
jlnced    in   Lancashire  and  South   Wales  by  another   method   of 
rth-fining  combined  with  re-heating  furnaces.     The  compe- 
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tition,  however,  was  not  yet  so  alarming,  for  the  puddling  on  a 
sand-bed  then  used  required  a  brand  of  pig  iron  rather  low  in  phos- 
phorus, in  case  the  product  should  not  become  cold-short.  But 
the  chances  [or  Swedish  iron  became  less  favourable  still  when, 
in  1820.  the  puddling  process  used  in  England  began  to  be  im- 
proved by  Rogers'  inventiou  of  lining  the  puddling-hearth  with 
ferrous  slags,  by  means  of  which  it  was  possible  not  only  to  get 
a  product  less  alaggy  than  that  on  the  sand-bed,  but  also  to 
eliminate  the  greater  part  of  the  phosphorus  contained  in  the 
pig  iron,  absorbed  as  it  was  as  phosphate  by  the  basic  slag  re- 
sulting from  the  basic  lining.  The  consequence  was  that  iron 
ores  with  a  much  larger  percentage  of  phosphorus  than  had 
been  thought  possible  before  began  to  be  used,  and  of  course 
the  Swedish  iron  industry  then  for  a  great  part  lost  its  former 
superiority. 

These  three  inventions  made  in  England,  that  of  Darby  to  use 
coke  in  blast-furnaces,  and  those  of  Cort  and  Rogers  to  convert 
pig  iron  produced  with  fossil  fuel  into  wrouglit  iron  in  rever- 
beratory  furnaces  without  making  any  use  of  charcoal,  caused  the 
greatest  revolution  ever  experienced  in  the  iron  industry;  and  this 
transformation  was  stitl  further  promoted  by  the  discovery  made 
in  1828  by  Neilson,  that  hot  blast  within  blast-furnaces,  and  espe- 
cially those  using  fossi!  fuel,  effects  a  saving  of  fuel  quite  unthonght 
of,  and  even  makes  it  possible  to  use  directly  non-caking  coal  in 
the  blaat-furnace.     The  immediate  consequence  of  these  inven-J 
tions  was  that  development  on  a  large  scale  of  the  iron  industr 
of   Great   Britain   which  started    in   the  middle  of   the  decat 
beginning    1780,   and    as    early    as    1790    superseded    that 
Sweden.      Other  countries,  rich  in  coal,  though  only  about  1 
a   century   later,  followed   the   example  given   by   England   i 
Scotland.     By  these  circumstances  Sweden,  which  may  be  sal 
practically  to  have  no  coal   of  her  own  accessible  for  her  ini 
industry,  and  therefore  only  produces  charcoal  pig  iron,  and  cold 
sequently  a  rather  expensive  wrought  iron,  has  been  irremediabj 
left  behind  with  respect  to  the  quantity  of  the  production  of  irM 
As,  because  of  its  high  price  compared  with  those  of  the   i 
irons  of  foreign  countries,  the  Swedish  charcoal  iron  began  to  \ 
replaced  from  purposes  more  easily  satisfied,  it  was  so  much  tiri 
more   necessary  to  improve   its  quality,  making  it  answer  1 
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c]»ims  of  the  time,  that  it  might  not  oqI^  boaet  of  being  free 
from  imporilies,  cold  and  red  sboitness,  but,  with  respect  to 
uniformity,  also  match  with  the  most  excellent  kinds  of  iron, 
aud  thus  become  a  suitable  material  for  the  most  exacting  re- 
quirements. 

The  Swedish  iron,  as  it  stilt  waa  produced  at  the  beginning  of 
the  decade  of  1830,  was  not  very  fit  for  these  purposes.  The 
German  mode  of  procedure,  introduced  into  Sweden  more  than 
three  centuries  earlier  in  conjunction  with  the  production  of  pig 
iron,  had  developed  many  modiScations,  aud  constituted  the 
Swedish  hearth-fining  then  usual.  But  except  the  German 
beartb-liuing,  there  were  at  the  time  in  question  only  used  two 
others,  of  which  one  was  likewise  introduced  from  Germany  and 
available  for  producing  hearth  raw  steel,  and  the  other,  the 
Walloon  fining  method,  introduced  from  Belgium  in  the  latter 
part  of  the  seventitenth  century  by  Louis  De  Geer.  This  process 
is  still  in  use  for  converting  the  Dannemora  pig  iron  into  bar  iron 
for  first-class  steel,  and  has  in  Sweden  never  been  used  lor  any- 
thing else.  Though  the  first  and  last  mentioned  methods  of 
fining  of  pigs,  with  nearly  no  impurities,  gave  a  wrought  iron  that 
was  very  suitable  not  only  for  the  general  use  of  small  black- 
smith-work, but  also,  when  prepared  from  pig  iron  of  ores  very 
low  in  phosphorus,  constituted  the  nuost  excellent  stock  for  making 
blieter-Bteel,  still  the  bar  iron  made  after  these  methods  was  of 
very  unequal  temper,  which  greatly  diminished  its  sale  to  many 
branches  of  manufacturing  then  starting. 

At  a  time  when  steei  was  a  very  rare  article,  the  steely 
nodnles  dispersed  in  these  kinds  of  iron  often  were  of  great 
use  by  making  the  final  product  less  subjected  to  wear  and 
tear,  and  besides,  owing  to  the  distributive  effect  caused  at  the 
cementation  process  by  the  long-continued  ;;lowing  heat  on  the 
carbon  contained  in  the  hard  nodules,  produced  a  blister-steel 
still  more  uniform  than  that  prepared  from  thoroughly  soft  iron, 
which  at  the  cementation  absorbed  its  carbon  only  from  without, 
but  on  the  other  side  they  also  caused  very  great  iu conveniences 
in  many  a  manufacturiog  industry  by  an  increased  condemnation. 
Then,  if  the  Swedish  bar  iron  should  any  longer  find  a  ready 
market  among  such  manufactitriug  industries,  it  became  indis- 
pensable, at  least  partly,  to  adopt  another  method  capable  of  pro- 
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docing  irou  of  greater  iinifonnity.  The  man  who  most  clearly 
mv  whal  was  ae«iiecl  and  best  understooi  iiww  to  remedy  the 
deficiencies  was  Guslaf  Ekmau,  who,  after  studyiiig  at  Ulverslone 
llie  charcoal  hearth-finiug  then  used  there,  in  1830  begaa  his 
experiiiients  in  Sweden. 

Kven  with  this  method  of  fining,  which  in  Sweden  ha& 
been  called  the  Lancashire  hearth  Sning,  it  was  not  possible  tt 
get  with  certainty  an  equal  temper  unkss  the  reheating  of  thi 
blooms  productid  with  it  took  place  in  a  reverberatory  fumaca 
Betides,  the  change  for  this  tnethoi)  of  reheating  was  necessar] 
in  order  to  replnce  with  rolling  the  hammer-forging  exclusive^ 
tued  up  to  that  time,  which  was  not  only  more  expensive  tha 
rolling,  but  also  produced  a  bar  iron  with  cross  sections  lei 
anifonii  than  had  gradually  become  more  and  more  desirabla 
not  to  say  indispensable,  for  many  manufacturing  purposes 
Uowever,  the  reheating  furnaces  for  coal  used  in  England  couk 
not  bo  thought  of;  for,  with  the  poor  means  of  com  muni  catioi 
of  tliH  lime,  the  price  of  the  English  coal  was  much  too  higl 
in  the  Swedish  iron-producing  districts  for  such  a  purpose,  aiM 
tho  new  method  of  fining  therefore  advanced  only  very  slowly 
itutil  in  the  middle  of  the  period,  ISM-IBSO,  when  Ekman  hu 
finished  his  two  types  of  gas-rehuatrng  furnaces,  one  of  whid 
was  for  charcoal  and  the  other  for  wood.  The  former  of  theai 
furnocoH,  which,  owing  to  its  form,  has  been  called  Coal  Towe 
Furoaoe,  has  been  of  ineatiniable  value  to  the  Swedish  iroi 
industry,  not  only  in  consequence  of  tiie  great  saving  in  foa 
with  it  from  the  very  beginning  of  its  introduction,  but  alsi 
because  of  its  being  so  constructed  that,  when  the  building  o 
railways  hnd  so  far  advanced  in  the  country  in  the  periw 
1860-1870  that  Euglisli  conl  could  be  obtained  at  Swedial 
works  at  prices  lower  than  those  of  charcoal  and  wood,  it  migb 
easily  be  modified  so  as  to  be  as  available  for  coal  as  for  char 
cohI,  on  account  of  which  circumstance  it  is  still  the  most  i 
type  of  reheating  furnaces  in  Sweden. 

The  great  saving  of  fuel  e&ected   by  Ekman's  reheating  f 
naoes  was  by  no  means  due  only  to  their  being  gas-furnaceB 
What  also  very  much  contributed  to  it  was  their  combinatioi 
of  lh«  hearth  with  a  heating  chamber,  by  which  arrHugemeiit  i 
was  pOMible  to  make  a  much  better  use  of  the  heat  ot  the  i 
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quantities  of  iron  ores  free  or  almost  free  from  phoapborus  are  to 
be  found,  but  wbere  a  sufficient  supply  of  coal  of  its  own  neces- 
sary for  its  ironworks  is  lacking.  Consequently  the  puddling 
process  in  Sweden  was  only  used  for  &  few  purposes  for  which 
its  products  were  more  suitable  tban  thosK  of  hearth-fined  iron, 
as,  above  all,  for  the  production  of  axles  and  plates,  but  even  in 
this  respect  it  baa  been  almost  completely  replaced  by  the  open- 
hearth  and  Bessemer  metal. 

In  order  to  take  full  advantage  of  the  almost  complete  absence 
of  sulphur  in  the  charcoal,  the  necessity  of  paying  careful  atten- 
tion to  the  roaatinj;  of  the  iron  ores  was  early  and  more  keenly 
felt  in  Sweden  than  elsewhere,  even  for  ores  containing  very  little 
of  pyrites.  To  this  may  be  added  the  wish  to  make  use  of  iron 
ores  comparatively  rich  in  pyrites,  which  ores  could  not  be  used 
without  the  risk  of  producing  a  red-short  iron  or  steel,  unless  the 
roasting  was  made  more  even  and  complete  than  was  possible 
with  the  old  methods  by  which  the  roasting  was  effected  in  piles 
or  pits.  This  was  so  much  the  more  necessary  as  the  methods 
of  hearth-fining  used  in  Sweden  did  not  allow  of  such  a  large 
proportion  of  silicon  in  the  pig  iron  as  will  generally  be  the  case 
in  coal-bearing  countries  where  the  sulphur  ia  kept  low  by  the 
intense  beat  of  the  blast-furnace. 

If,  without  the  use  of  man ganiferoua  ores,  pig  iron  very  low  i] 
silicon  and  sulphur  is  regularly  required,  which  is  necessary  to  o 
methods  of  fining  in  charcoal  heartlis,  if  the  iron  treated  accordii; 
to  these  methods  shall  be  perfectly  suitable  to  the  most  demandil) 
purposes,  the  proportion  of  sulphur  contained  in  the  charge  of  t 
furnace  muat  be  very  small.  For  these  reasons  the  officials  ( 
the  Jerukontor  as  far  back  as  1820  constructed  several  types  j 
roasting- 1  urn  aces,  of  which  two  especially  have  offered  considel 
able  advantages  until  they  were  replaced  by  gas-furnaces,  the  f 
of  which  was  designed  by  Starbiick  in  1840.  The  gas-farnace 
gradually  improving,  reached  their  perfection  in  the  one  design^ 
by  Westman  in  1851,  which,  ever  since  the  sixties,  1; 
generally  used  at  the  Swedish  blast-furnaces,  and  which 
made  it  possible  to  prolitably  use  many  very  pyrit;c  iron  on 
formerly  considered  to  be  of  no  account. 

By  the  invention  of  the  Bessemer  in  1855,  and  the  Siemeol 
Martin  processes  about  ten   years  later,  a  new  era,  Indtied, 
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opeaed  to  the  iron  industry  in  commoD,  and  these  remarkable 
methods  are  also  the  cause  of  great  revolutions  in  the  iron 
industry  of  Sweden ;  but  in  the  shape  they  appeared  until  1880, 
they  scarcely  exercised  any  essential  intluence  on  the  state  of 
the  Swedish  iron  industry  compared  with  that  of  other  countries. 
Sweden  was,  indeed,  one  of  the  countries  that  first  introduced 
these  two  processes,  and,  as  may  be  observed,  the  Bessemer 
process  might,  perhaps,  never  have  reached  its  perfection,  if  Con- 
snl  G.  F,  Goransson  had  not,  in  the  summer  of  1858,  at  Edsken, 
by  increasing  the  area  of  tlie  tuyeres,  and  consequently  augment- 
ing the  volume  of  blast,  at  last  succeeded  in  shortening  the 
process,  so  as  to  produce  a  sufficient  heat  in  the  converter  to 
aUow  of  the  proper  separation  of  the  slag  from  the  metal,  and 
tiiDs  also  to  convert  our  pig  iron,  free  from  impurities,  into  a 
good  steel,  which,  having  been  exported  to  England,  inspired  the 
capitalists  who  were  backing  up  the  late  Sir  Henry  Bessemer. 
Nevertheless,  the  transition  from  Lancashire- fining  to  the  new 
methods  has  been  comparatively  slow ;  and,  as  has  already  been 
shown,  it  was  only  in  1805  that  the  Swedish  production  of 
Besseiuer  (97,320  tons),  and  of  open-hearth  ingots  (99,259  tons), 
altogether  (196,579  tons)  surpassed  that  of  finery  blooms  and 
puddled  bars  (188,726  tons). 

The  expectations  inspired  by  the  introduction  of  the  Bessemer 
and  Siemens- Martin  methods  into  the  country,  that  Sweden  would 
derive  greiit  and  special  advantages  from  them,  because  of  her 
good  supplies  of  ores  nearly  free  from  phosphorus  necessary 
Jior  these  methods  of  production,  as  they  were  applied  at  that 
'time,  were  mostly  defeated  by  the  enormous  deposits  of  such 
chat  were  discovered  and  made  available  in  several  other 
countries  in  consequence  of  the  increasing  wants. 

Aa  had  been  the  case  with  the  Lancashire  iron,  so  it  now  was 
with  the  Bessemer  and  open-hearth  products;  Sweden  had  to  be 
contented  with  the  export  of  only  such  kinds  of  iron  and  steel 
as  were  needed  for  the  most  delicate  purposes,  among  others  even 
such  for  which  the  use  of  crucible  steel  had  been  necessary.  For 
structural  purposes  and  railway-building,  which  absorb  the  greater 
part  of  the  iron  and  steel  produced  in  other  countries,  the  Swedish 
ingot  metal,  as  well  as  wrought  iron,  owing  to  the  want  of  chea] 
_    1898.— ii  B 
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fuel,  became  too  expensive  to  be  used  to  a  greater  extent  uo^ 
only  abroad  but  even  in  onr  own  country. 

Our  situation,  however,  was  comparatively  good,  aa  long  as, 
owing  to  our  material   being  relatively  purer,  and  consequently 
less  in  need  of  manganese,  we  more  easily  than  other  countries 
could    not    only    produce    soft   ingot   iron,   but    also    hope    for 
the  exhaustibility  of   the  strained  supplies  of  iron  ores  nearly 
free  from  phosphorus.      But  this  state  of  things  became  quite 
changed  when,  at  the  end  of  the  seventies,  Messrs.  Thomas  and' 
Gilchrist   began   using  basic    lining  (dolomite  or  magnesite)  in 
the  Bessemer   converter   and   in  the   Siemens-Martin   or  open- 
hearth  furnaces.     By  this,  as  is  well  known,  the  same  advantages' 
were  attained  as  by  the  puddling-furnaces,  being  lined  with  baaio; 
lining  about  1820,  namely,  that  the  phosphorus  of  the  pi 
by  the  aid  of  such  linings,  could  be  eliminated  as  phosphate 
the  basic  slag.     The  consequence  of  this  has  been  that  the  sup] 
of  ores  low  in  phosphorus,  which  had  before  been  necessary  ft 
the  production  of  ingots,  is  comparatively  not  so  preasii 
any  longer,  so  much  the  more  as,  owing  to  the  fact  that  lime 
a  much  stronger  base  tlian  the  oxides  of  iron,  the  dephoephorii 
tion  can  be  effected  far  more  completely  in  the  production 
ingot  metal  in  a  basic  liniu<^  than  is  possible  in  the  puddlu 
process.      As,  further,  the  dephosphorisation  must  be  preeedl 
by  the  decarburisation  of  the  metal,  the  basic  methods  are  pril 
cipftlly  suitable   for   producing  iron   low  in   carbon.     Thus 
Swedish  iron  was  rivalled  in  producing  basic  Bessemer,  and,  at 
more,  open-hearth  iron,  and  the  opportunities,  already  limit 
for  selling  the  Swedish  iron  in  the  markets  of  the  world 
thus  still  further  reduced. 

As  has  already  been  shown,  the  Swedish  iron  industry 
more  than  by  anything  else,  been  injured  by  those  encroachm( 
upon  its  old  privileges  of  good  supplies  of  orps  very  low 
phosphorus,  or  even  almost  free  from  that  impurity,  which 
caused  by  the  above-mentioned  processes  of  dephosphorisatioD' 
and  now  the  Swedish  iron  industry  may  be  said  to  have  itB»" 
perhaps,  moat  essential  advantage  of  those  of  foreign  countries  in 
the  comparatively  great  supply  of  charcoal,  for  by  means  of  it  and 
of  iron  ores  well  roasted,  the  sulphur  may  be  next  to  completely 
got  rid  of  in  the  blast-furnaces.     Consequently,  it  is  possible,  too, 
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to  produce  pig  iron  almost  free  from  sulphur  without  the  over- 
heating of  the  furnace,  and  the  great  amount  of  silicon  in  the 
iron  combined  with  such  a  proceeding,  whereas  in  countries  in 
which  the  iron  industry  h  limited  to  sulphurous  fuel,  it  is 
difficult,  without  the  aid  of  manganese,  to  get  pig  iron,  with 
respect  to  the  amount  of  silicon,  quite  suitable  for  the  basic 
methods  so  free  from  sulphur  as  ia  needed  for  rather  delicate 
purposes. 

In  this  connection  I  may  be  allowed  to  observe  that  white 
-Swedish  pig  iron  on  uo  account  contains  sulphur  as  a  rule,  as 
13  the  eoae  with  the  coke  iron,  but  there  ia  a  belief,  based  on 
drcumstances  quite  different  from  ours,  which  often  causes  our 
foreign  customers,  accustomed  to  coke  iron  and  wishing  to  have 
Swedish  pig  iron  extra  free  from  silicon,  to  advance  so  extra- 
vagant a  claim  as,  for  instance,  to  get  grey  Swedish  pig  iron 
with  0-2  per  cent,  of  silicon  at  the  utmost  Pig  iron  so  low  in 
silicon  will  be  principally  white,  but,  if  prepared  with  charcoal 
from  a  charge  duly  free  from  sulphur,  it  will  nevertheless  contain 
almost  no  sulphur.  Thus,  every  one  wishing  to  have  Swedish 
pig  iron  with  silicon  extra  low  and  almost  free  from  sulphur 
should  give  up  his  demand  for  grey  iron,  but,  in  order  to  avoid 
too  high  a  percentage  of  sulphur,  should  stipulate  that  the  pig 
iron  most  not  contain  a  larger  proportion  of  sulphur  than  0'02  to 
003  per  cent. 

At  the  same  time  as  our  iron  industry,  as  has  already  been 
said,  is.  especially  nowadays,  mainly  backed  up  by  our  supply 
of  charcoal,  the  greatest  obstacle  to  its  progress  is,  on  the  other 
hand,  to  be  found  in  the  complete  absence  of  mineral  coal  in  our 
mining  districts.  By  this,  as  shown  above,  we  are  limited  to  the 
production  of  iron  of  comparatively  expensive  quality,  and  our 
competini;  in  quantities  at  large  in  the  market  of  thi?  world  is 
never  to  be  thought  of.  Except  for  the  best  kinds  of  steel 
required  for  the  production  of  tools,  Swedish  iron  is  now  only 
used  for  sundry  things,  such  as  horseshoe  nalla,  certain  kinds  of 
wire,  fine  harness-mountings,  and  the  like,  and  when  such  uses 
as,  some  time  ago,  the  crinoline  steel  and  lately  cycle  spokes 
were  added,  the  Swedish  iron  industry  entered  another  and  more 
prosperous  stage  with  advanced  prices.  Tlie  consequence  has 
been  that,  for  keeping  the  foreign  market  to  Sweden,  it  has  been 
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found  necesaaiy  by  all  means  to  famish  prodncts  more  and  more 
uniform  in  temper,  free  from  impurities,  and  in  every  respect 
better  than  ever. 

In  such  circumstances,  of  course,  a  good  deal  of  attention  baa 
been  bestowed  on  the  management  of  the  blast-furnaces,  as  a 
proof  of  which  it  may  be  pointed  out  not  only  that  until  thirty 
years  ago  all  gwns  in  Sweden  were  cast  directly  from  the  blast- 
furnace, but  also  that,  ever  since  the  introduction  of  the  Bessemer 
process,  the  pig  iron  used  for  it  has  been  taken  directly  from  the 
blast-furnace  into  the  Bessemer  converter  without  remelting  or 
even  without  the  use  of  any  mixer.  The  giving  up  of  this 
method  of  guri-niaking  tn  1868,  and  the  passing  over  at  that 
time  to  the  remelting  in  reverheratory  furnaces,  was  not  due  to 
a  lessened  confidence  in  the  former  method  of  production,  but  to 
the  difficulty  of  getting  sufiicientiy  large  quantities  of  pig  iron 
for  producing  heavy  guns  in  the  old  way. 

The  fact  that,  because  of  tbe  comparative  costliness  of  the 
materials  needed  for  its  production,  the  Swedish  Bessemer  metal 
could  not  be  used  for  such  comparatively  common  purposes  as 
rails  and  the  like,  for  which  the  Bessemer  metal  has  for  a  long 
time  been  almost  exclusively  used  in  most  other  countries,  caused 
a  very  slow  progress  of  the  Bessemer  process  in  Sweden  in 
quantitative  respect,  as  the  Swedish  Bessemer  works  had  all  from 
the  beginning  been  compelled  to  limit  their  production  to  the 
supplying  of  very  delicate  wants.  The  whole  character  of  our 
Bessemer  industry  has  accordingly  got  a  stamp  quite  different 
from  that  of  other  countries,  inasmuch  as  pig  iron  still  lower  in 
sulphur  and  phosphorus,  but  at  the  same  time  somewhat  richer 
in  manganese  and  lower  in  silicon,  is  here  used  than  is  usual  in 
other  countries.  With  the  lower  proportion  of  silicon  contained 
in  our  pig  iron,  and  the  because  thereof  less  intense  beat  of 
the  bath,  the  Casperson  converter-ladle  is  connected,  and  this 
apparatus,  which  is  in  use  at  moat,  of  the  Swedish  Bessemer 
works,  facilitates  the  possibility  of  effecting  the  casting  without 
any  risk  of  waste  at  a  temperature  favourable  with  respect  to 
avoiding  the  dangerous  blowholes  in  Uie  metal,  for  the  explora- 
tion of  which  temperature  we  are  greatly  indebted  to  Mr.  C.  A. 
Casperson. 

A  oousequeuce  of  oar  Bessemer  pig  iron  being  so  free  from 
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sulphur,  and  generally  contniuiDg  a  certain  amount  of  manganese, 
up  to  4  to  5  per  cent.,  is  further  that  the  addition  of  manganese 
at  the  end  of  the  process  is  used  in  a  far  more  oioiierate  extent 
in  Sweden  tlian  in  other  countries.  Tlie  process  commonly  is 
more  directly  tinislied  by  using  less  admixture  for  re-carbouisation 
than  abittad,  and  for  that  purpose  the  same  pi^  iron  is  often 
oaed  as  that  for  the  Bessemer  process  itself,  to  which  a  com- 
paratively email  portion  of  ferro- manganese  is  added.  What  has 
been  said  of  the  Bessemer  method  may  also  be  applicable  to  our 
open-hearth  process,  but  except  working  pi^'  iron  very  low  in 
phosphorus,  basic  open-heartli  too  has  been  introduced  for  the 
treatment  of  phosplioric  pi^-  iron  containing  from  less  than  a 
tenth  to  0-5  per  cent,  of  that  impurity.  The  basic  open-hearth 
process  is  now  in  use  at  several  works,  but  the  basic  Bessemer 
only  at  one  place.  Tlie  Table  II.  will  show  the  development  of 
these  two  basic  methods  in  Swedeti  for  the  last  five  years. 
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Table  II, — Ingot  Iron  onrf  Steei  producefi  in  Stceden  by  llie 
Acid  and  Banc  Proceeset. 
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20.018 
40,117 
47.443 

Met.  Ton*. 
81.889 

84,oo:< 

89.269 
142,301 
165,836 
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In  connection  with  our  open-hearth  industry,  the  very  high 
degree  of  development  of  the  Terre  Noire  method  in  Sweden 
may  be  mentioned,  as  for  the  last  twenty  years,  more  and  more 
heavy  guns  and  the  like  have  been  produced  at  Bofors  and 
Finspong  from  open-hearth  castings  tempered  in  oil,  which  may 
well  compete  with  the  best  produoed  from  forged  metal.  This 
development  is  mainly  due  to  Mr.  C.  Danielsson.  Mr.  C. 
Wittenstrijm  also  deserves  to  be  especially  mentioned  as  the 
iventor  of  the  important  method  of  producing  sound  steel  cast- 
by  the  addition  of  aluminium. 
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The  iron  manufacturing  of  Sweden  may  indeed  boast  of  a 
very  ancient  and  illustrious  lineage,  for  already  as  early  as  in 
the  first  half  of  the  eighteenth  century  such  a  celebrity  as 
Kristofer  Polhera  eoutiibuted  very  much  to  the  progress  in  this 
respect,  and  at  the  end  of  the  same  century  the  great  Sven 
Rinman  was  workiu;:  for  the  same  purpose  at  Eskibtuna. 
Nevertheless,  in  the  present  century,  as  long  as  up  into  the 
1880  decade,  Sweden  was  more  and  more  !eft  behind.  After 
that  time  a  notable  change  for  the  better  has  taken  place,  and 
now  there  are  a  great  many  Swedish  ironworks  which  not 
only  produce  rolled  metal  of  quite  another  quality  than  the 
common  bar-iron  of  old,  but  also  themselves  manufacture  more 
or  less  of  their  own  production  of  iron.  Sandviken  especially  is 
renowned  for  its  excellent  as  well  hot  as  cold  rolled  and  cold 
drawn  products,  and  also  Munkfors  deserves  being  mentioned  in 
this  respect.  For  the  successful  efforts  of  raising  the  Swedish 
iron  industry  by  manufacturing,  ought  likewise  to  be  named  as 
well  the  principal  proprietor  of  Fagersta,  and  the  reformer  of 
these  works,  Mr.  Chr.  Aspelin;  as  also  his  eminent  assistant, 
Mr.  T.  A.  Briuell,  who  has  the  merit  of  having  given  us  a  good 
insight  into  tlie  right  manner  of  treating  steel  by  his  very 
explicit  and  thorough  experiments. 

No  such  inventions  in  the  iron  industry  as  have  a  revolu- 
tionary or  world- trans  forming  character  can  he  said  to  have  been 
made  in  Sweden.  We  must  be  contented  with  the  far  humbler 
testimony  of  having  wisely  modified,  according  to  our  own  wants, 
the  great  inventions  considered  to  be  useful  even  to  our  own  iron 
industry.  In  the  department  of  scientific  metallurgy,  however, 
we  have  had  several  eminent  leaders,  among  whom,  besides  the 
above-mentioned  Sven  Rinmau — whose  fundamental  works, 
"Easay  on  the  History  of  Iron,"  1782,  and  "Dictionary  of 
Mining,"  1788,  were  for  almost  half  a  century  the  principal  iron 
metallurgic  works  of  the  world — may  be  named  Torbern  Bergman, 
who  died  in  1784,  and  who  gave  the  inducement  to  our  know- 
ledge of  the  fact,  that  the  difference  between  pig  iron,  steel,  and 
wrought  iron  depends  on  the  proportion  of  carbon  contained  in 
the  metal,  and  liiat  cold-shortness  of  iron  is  caused  by  phosphorus. 
Such  geniuses  as  Scheele  and  Berzelius,  no  doubt,  contributed  by 
their  most  remarkable  works,  as  well  as  by  their  example,  to  the 
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early  influence  of  chemistry  oa  metallurgy,  earlier  in  Sweden  than 
in  oLiier  countries,  and  by  his  successful  efforts  of  getting  simple 
methods  of  determinating  the  proportion  of  all  particular  elemeuts 
in  iron,  V.  Eggertz  has  become  the  founder  of  the  modern  aaaay- 
science.  To  the  development  of  the  mechanical  method  of 
testing,  K.  Stytfe  has  greatly  contritiuted. 

In  this  connection  I  must  not  omit  mentioning  the  great 
service  rendered  by  many  of  the  officials  of  Jevnkontoret  to  the 
iron  industry,  several  of  whom  are  to  be  reckoned  among  those 
above  enumerated.  Finally,  among  those  who  have  pre-eminently 
benefited  the  Swedish  iron  industry,  I  must  not  forget  Mr.  F. 
Lundin,  the  author  of  the  method  of  condensation,  adopted  in 
Sweden  when  fuels,  rich  in  water,  as  sawdust,  &c.,  are  used  in 

tthe  Siemens  furnaces,  nor  Mr.  E.  J,  Ljungberg.  whose  continuous 
Bbarcoal  kiln  ought  to  become  of  very  great  use  in  such  charcoal- 
^king  places,  where  a  constant  and  large  supply  of  suitable 
wood  is  to  be  found,  as  especially  at  our  lar^e  saw-mills. 

The  very  fact  that,  by  the  lack  of  coal  of  her  own  available 
in  her  raining  districts,  Sweden  is  shut  out  from  all  competition 
in  the  heavy  iron  trades,  is  a  cause  of  our  ironworks  being  rather 
amall  and  insiguihcant  compared  with  those  of  countries  where 
coal  is  produced.  The  fuel  escluaively  used  in  Sweden,  both  in 
blast- funi aces  and  lu  fineries,  viz.  charcoal,  is  mostly — especially 
when,  as  is  the  case  in  our  country,  made  of  such  soft  kinds  of 
wood  as  pine  and  fir — so  sensible  to  shocks  endured  in  transit, 
more  particularly  in  reloading,  that  it  cannot  be  fetched  from 
very  remote  places  without  great  waste  and  loss,  amounting  to 
some  20  per  cent,  or  more,  and  such  loss  must  necessarily  be 
endured  if  it  is  desired  to  increase  the  production  without  ruining 
the  woods.  It  may  be  added,  too,  that  our  charcoal  is  at  least 
2~5  times  as  bulky  as  coke,  and  so  hygroscopic  that  it  is  necessary 
to  store  it  in  well- ventilated  houses,  that  not  only  prevent  the 
diarcoal  from  getting  wet,  but  also  admit  of  its  drying  if,  because 
of  bad  weather,  it  was  wet  when  stored.  The  coal-houae  question 
is  rendered  still  more  difficult  by  the  fact  that  generally  the  cfaar- 
coftl  can  only  be  brought  out  from  the  woods  in  winter,  and 
coiuequently,  it  then  a  part  of  the  country  be  not  favoured  with 
IBOW  for  sleighing,  no  tolerably  considerable  quantities  of  charcoal 

s  to  be  obtained  from  that  place  in  such  a  year.     Thus,  as  the 
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charcoal  cannot  be  continuously  fetched  from  the  woods,  the 
coal-houses  must  uecessarily  l>e  made  so  large  as  to  take  about 
three- fourths  of  the  yearly  requiremeut  of  charcoal,  aud  this,  too, 
causes  a.  great  deal  of  trouble  to  the  great  ironworks.  Finally, 
the  lack  of  really  cheap  fuel  obliges  us  to  avail  ourselves  of  water- 
power  for  our  ironworks,  and  many  such  works  that,  on  account 
of  unproved  commiuiicatious,  might  otherwise  be  run  on  a  larger 
scale,  are  stopped  in  their  progress  fur  want  of  the  water-power 
neces-sary.  In  this  decade,  however,  several  ironworks  have  pro- 
cured a  greater  supply  of  power  by  electric-power  transmission 
from  other  waterfalls  not  too  far  o£E,  and  unquestionably  such  a 
pii>cee<iing  opens  a  future  full  of  hopes  to  the  industrial  develop- 
ment of  a  country  like  Sweden,  which,  as  has  already  been  shown, 
was  liberally  favoured  by  Nature  with  waterfalls,  often  of  very 
oonsideralile  magnitude.  In  the  beginning  of  the  present  century, 
and  even  up  to  1830,  a  small  ironwork  or  blast-furnace  formed  a 
characteristic  adjunct  to  almost  every  waterfall  of  moderate  size 
in  central  Sweden,  while  the  larger  ones,  owing  to  the  difficulty 
of  utilising  them,  were  for  the  most  part  neglected.  In  some  far 
less  degree  this  may  still  he  said  to  he  the  case,  but  even  in 
Sweden  the  law  of  evolution  has  made  itself  felt  as  elsewhere, 
inasmuch  as  the  small  works  have  been  gradually  shut  down,  and 
the  production  concentrated  in  a  small  number  of  places  better 
situated  with  regard  to  communications  and  natural  supplies,  and 
therefore  with  much  greater  power  of  production.  This,  as  well 
as  the  manner  in  which  the  same  law  has  shown  its  influence  with 
respect  to  the  number  and  producing  power  of  the  furnaces  iu  use, 
will  be  clearly  seen  by  the  Tables  III.  and  IV.  The  most  notice- 
able is  that  these  changes  as  to  the  production  per  ironwork  of 
malleable  iron  have  occurred  faster  since  the  beginning  of  1890 
than  before  tliat  time. 
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No  Swedish  irouwork  was  from  the  beginning  planned  on  a. 
larper  scale  than  the  one  built  at  Donjnarfvet  during  the  years 
1873-1875,  and   the  president  of  this  establishment,  Mr.  E.  J. 

ugbei^,  has  proved  better  and  more  clearly  than  any  Swede 
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how  essentially  the  manufacturing  coat  per  unit  of  production  may 
be  reduced  even  in  this  country  by  carrying  on  the  manufactur- 
ing on  aa  large  a  scale  as  our  circumstances  will  admit  of. 

The  fact  previously  mentioned   that  the  Swedish  iron  never 
had  any  market  abroad  for  those  purposes  which,  as  rails  and  otlier 
building  or  structural  requirements,  both  absolutely  and  relatively 
demand  the  largest  masses  of  iron,  and  the  other  fact  likewise 
liinted  at  that  the  use  of  it  in  foreign  countries  for  small  black- 
smiths' wauts  was  gradually  limited  to  purposes  demanding  higher 
and  higher  quality,  may  lead  tc  the  assumption  that  the  sales  abroad 
of  Swedish  iron  have  decreased.      Comparatively  speaking,  this 
may  be  true ;  but  fortunately  the  absolute  figures  of  export  prove 
quite  the  contrary.     That,  as  is  clearly  shown  by  the  Table  V.,  the 
Bales  abroad  of  Swedish  iron  and  steel  have  increased  in  the  present 
century,  is,  besides  many  others,  a  good  testimony  of  the  enormous 
development  of  civilisation   during  this  century ;  as,  no  doubt, 
it  is  to  that  evolution  we  must  attribute  the  fact  that  for  only  a 
few  and  comparatively  very  small  articles,  far  more  iron  is  re- 
quired nowadays   than  was   the  case   with  almost   innumerable 
purposes  some  sixty  years  ago.     The  said  table  will  also  give  a 
idea  of  the  relatively  small  importance  to  Sweden  of  the  foreignj 
market  in  the  present  time   compared  with  days  of  old ;    toTM 
thoutjh  the  figures  of  export  of  malleable  iron  have  been  neai 
quadrupled  since  1833,  our  present  export  of  such  iron  amouBj 
to   scarcely   more   than   45   per  cent,  of   the   total  productit^ 
whereas  in  1833  the  proportion  was  88-b.      As  is  shown  by  t 
Table  V.,  our  production  of  iron  has  increased  still  more  rapid 
than  the  export  of  it,  and  the  difference  in  these  respects  i 
give  an  idea,  though  a  very  faint  one,  of  the  increase  in  the  c 
sumpition  of  iron  in  the  country,  as  in  this  consumption  cast  iron, 
rails,  structural  iron,  and  other  iron  intended  for  construction  or 
building  purposes,  imported   from  other  countries,  especially  t 
United  Kingdom,  also  ought  to  have  been  included. 
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TxBix  V. — Export  oj  lagat*,  Bloonis.  Bar-iron,  Wire-rods,  Tul-ee, 
Plate*,  Natii,  atul  Bar-mde. 
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In  coQciusion,  referring  to  some  purely  techaical  questions,  it 
-nay  be  observed  thai  the  economy  in  fuel  realised  in  the  blast- 
fnmaces  in  the  last  decades  is  rather  trifling  compared  with  what 
was  attained  by  the  introduction  of  hot-blast  about  1830,  in 
1840-1850  by  raising  the  stacks  of  the  furnaces,  which  up  to 
that  time  had  been  very  low,  and  by  generally  substituting  two, 
or  sometimes  four,  for  the  single  tuyere  previously  employed.  It 
is  true  tbat,  since  the  latter  date,  a  continuous  increase  in  height 
of  the  furnaces,  particularly  in  1860  and  the  beginning  of  1870,  and 
a  further  increase  of  the  temperature  of  the  blast  were  followed 
by  au  increased  economy  in  fuel,  bringiug  down  tbe  consump- 
tion of  charcoal  per  ton  of  pig  iruci  a  little,  hut  in  the  last  forty 
years  the  whole  reduction  scarcely  amounted  to  more  than  7  or 
perhaps  8  per  cent.,  which,  no  doubt,  is  due  to  the  fact  that  the 
production  of  forge  pig  iron  for  the  Lancashire  finery  has,  in  this 
period,  been  largely  replaced  by  pig  iron  for  the  Bessemer  and 
open-hearth  processes,  which  requires  a  much  greater  smelting 
h.'at,  not  always  attained  by  an  increase  of  the  temperature  of  the 
blast  alone.  To  the  last- mentioned  fact  has  contributed  the  cir- 
cumstance that,  from  reasons  already  mentioned,  we  are  limited  to 
very  small  quantities  of  production,  it  being  evident  that,  because 
of  their  heavy  sinking-fund  charge,  expensive  arrangements  tor 
saving  fuel  or  labour  cannot  be  applied  to  snuiU  establishments 
BO  advantageously  as  to  those  with  a  large  production. 
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The  capacity  of  the  blasC-furimces  is  27  to  100  uubic  metres. 
The  temperature  of  the  blast  varies  from  cold,  which  however 
is  very  seldom  used,  up  to  800*  C,  but  is  generally  kept  at  200°  C. 
for  Lancashire  pig,  and  at  SOO^-lOO"  C.  for  open-hearth  and 
Bessemer  pig.  Only  the  furnaces  at  BjSrneboi^  and  Domuarfvel 
are  provided  witti  regenerative  hot- blast  stoves,  producing  a 
temperature  of  700°-800°  0.  The  consumption  of  charcoal  per 
ton  of  pig  iron  is  from  4-8  to  8'2  cubic  metres,  generally  amount- 
ing to  about  G  cubic  metres.  Ah  only  charcoal  made  of  fir  and 
pine  is  used,  and  this  in  ordinary  air-dried  condition  does  not 
weigii  more  than  140-160  kg.  per  cubic  metre,  and  only  contains 
about  62  per  cent,  of  fixed  carbon,  the  consumption  of  real  carbon 
per  ton  of  pig  iron  may  be  estimated  at  0'560  to  I'OIO,  or 
mostly,  about  0740  tons.  Die  average  production  per  furnace 
in  24  hours,  as  sliown  by  the  Table  III.,  was  in  1897  131  tons, 
and  only  at  Domnaifvet  figures  as  bigli  as  40—45  tons  per  24 
hours  were  reached. 

As  for  the  Ltiiicashue  fining,  the  production  per  liearth  has 
been  doubled  or  trebled  in  the  course  of  time,  and  the  consump- 
tion of  charcoal  haa  been  reduced  in  a  corresponding  degree.  To 
this  happy  result,  besides  other  circumstances,  as  es)>ecially  larger 
hearths,  the  machine-breaker,  invented  by  Mr.  Y.  Lagervall,  has 
greatly  contributed.  Now  the  weekly  production  per  hearth 
ijenerally  amounts  to  14-20  tons  of  blooms,  with  a  waste  of  7  to 
15  per  cent.,  and  a  consumption  of  2-5  to  4  cubic  metres  of  char- 
coal per  ton  of  metal  charged. 

For  tlie  Bessemer  process,  as  has  already  been  said,  the  pig  is 
taken  directly  from  the  blast-furnace,  and  the  silicon  contained 
in  it  is  generally  1  per  cent,  or  a  little  more,  but  commonly  it 
also  contains  1  to  5  per  cent,  of  manganese.  The  blowing-time 
varies  from  5  to  20  minutes,  being  as  a  rule  leas  than  10  minutes, 
and  the  waste  is  from  875  to  12  per  cent.,  usually  about  10  per 
cent. 
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DISCUSSION. 


Sir  James  Kitsok,  Bart.,  M.1'.,  Past- President,  said  he  < 
«ire  they  were  all  deeply  intereateii,  rtnd  indebted  to  Dr.  E. 
AkerQian  for  liie  very  able  review  which  he  had  given  them  of 
the  history  aud  position  of  the  Swedish  iron  trade.  They  recog- 
ised  in  that  paper  that  il  was  owing  to  the  care  with  which 
chemistry  and  its  acieutihc  application  to  practical  woric,  through 
the  iD8tTum<;QtB)ity  of  Buch  men  as  Richard  Akerman  and  those 
who  had  preceded  him,  that  the  Swedish  iron  trade  had  been  able 
to  maiDtain  the  position  which  it  bad  held  and  continued  to  hold 
in  the  eyes  of  ttie  world. 

It  had  been  said  by  his  Excellency  the  Governor  that  the 
Swedish  iron  trade  held  but  a  humble  position  in  the  trades  of 
the  world.  Well,  for  his  part,  as  one  who  had  been  engaged  in 
what  was  now  sometimes  termed  a  fossil  manufacture,  one  of  the 
relics  of  the  past,  the  manufacture  of  high  qualities  of  Yorkshire 
bar  iron,  he  was  free  to  make  his  acknowledgments  to  the  pro- 
ducera  of  tlie  pig  iron  of  Sweden  for  enabling  them  from  time  to 
time  to  improve  the  qualities  of  English  iron  by  the  addition  to 
their  mixtures  of  those  pure  brands  of  Swedish  iron  for  which 
they  were  so  celebrated.  He  must  say  that  he  did  not  take 
the  view  which  Dr.  Akerman  had  propounded,  that  there  was 
a  chance  of  Swedish  iron  being  in  diminished  demand.  For 
the  manufacture  of  steel  in  its  application  in  great  masses  to 
all  the  methods  of  construction  of  buildings,  of  ships  of  war,  of 
implements  of  war,  steel  of  the  highest  quality  was  necessary. 
In  these  developments  they  would  see  a  great  demand  for  the 
higher  qualities  of  steel  would  be  created,  and  as  the  base  was 
expanded  so  the  summit  might  grow,  and  he  was  satisfied  that 
there  was  a  great  field  for  the  pure  qualities  of  Swedish  iron  in 
the  developments  of  the  application  of  that  metal  to  all  the  arts 
and  sciences  of  the  world. 

Their  course  as  Swedish  iron  manufacturers  was  absolutely 
clear,  viz.,  to  take  care,  through  their  Jernkontor  and  their 
other  institutions,  that  Sweden   only  produced  material  of  the 
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higliest  quality,  and  for  that  highest  quality  the  demand  was 
destined  to  expand.  The  manufacturers  in  England  met  with 
difficnltiea  which  were  very  great.  As  their  qualitien  were  im- 
proved they  were  surrounded  by  a  group  of  eminent  inspectors 
and  instructed  chemists  who  examined  everything  they  produced 
with  critical  care,  and  when  they  once  reached  a  record  result  they 
insisted  by  all  the  means  in  their  power — and  those  means  and 
those  powers  were  very  great — on  that  highest  record  being 
maintained. 

But  he  assured  the  Swedish  iron  trade  that  in  many  of  the 
highest  qualities  which  were  used  in  England  for  railway  tires 
and  railway  axles,  for  boilers,  and  other  constructions,  it  was 
necessary  that  they  should  have  an  admixture  of  the  pure  brands 
of  Swedish  iron.  They  knew  iu  other  days  that  tiie  maaufac- 
turers  of  crucible  steel  in  Sheffield  were  considered  to  have 
obtained  the  basis  of  their  fortune  when  they  had  secured  the 
exclusive  right  to  sell  or  to  hold  certain  brands  of  Swedish  iron. 
Well,  the  same  thing  obtained,  in  a.  still  higher  degree,  iu  these 
days,  and  reading  this  paper,  which  had  placed  veiy  clearly  before 
them  the  progress  of  Swedish  scientific  manufacture,  he  could 
only  say  words  of  encouragement  to  pursue  the  course  that  they 
had  taken  in  the  past  under  the  direction  of  the  admirable 
institutions  which  they  possessed,  so  as  to  give  to  the  world,  not 
England  alone,  those  pure  brands  of  Swedish  iron,  and  Sweden 
and  Stockholm  were  destined  ever  to  flourish. 

Mr.  G.  J.  SNKLUa,  Vice-President,  thought  they  were  deeply 
indebted  to  Dr.  Akerman,  not  only  for  the  paper  which  he  had 
read  to  them  that  morning,  but  for  his  previous  contributions  to 
the  literature  which  they  had  in  the  Institute.  He  had  been 
deeply  interested  in  examining  the  early  traces  of  iron  work 
in  Sweden,  and  he  would  have  very  much  liked  if  Dr.  Akerman 
could  have  gone  a  little  more  fully  into  the  history  of  the  very 
earliest  portion  of  the  manufacture.  No  one  could  go  round  the 
city  of  Stockholm  and  examine  the  relics  of  antiquity  iu  the 
Zoological  Gardens,  in  the  form  of  ancient  buildings,  &c.,  without 
being  struck  with  the  remarkable  success  which  the  inhabitants 
of  the  country  had  attained  in  the  manufacture  of  iron  centuries 
ago.     Dr    Akerman   did  not  go  bauk   many  centuiies,  but  be 
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Bure,  feel  deeply  iDdebted  to  Dr.  Akerman  for  having  Uken  tbe 
trouble  to  give  them  a  record  of  what  had  been  done  in  that 
pioneer  country  in  iron  and  steel  making. 

Mr  William  Henry  Bleckly,  Vice-President,  said  there  was 
an  interesiing  circumstaDce  in  tbe  paper  regarding  the  Lancashire 
process  which  be  should  like  to  notice. 

English  ironmasters  often  -wondered  how  it  happened  that  iron 
was  imported  into  England  from  Sweden  branded  "  Lancashire." 
This  had  been  a  puzzle  to  them  for  a  long  time,  and  he  liad 
repeatedly  tried  to  fathom  the  mystery.  It  was  clearly  no 
attempt  to  pass  off  Swedish  as  Lancashire  iron.  His  bearers 
all  knew  that  it  would  be  no  compliment  to  the  Swedish  iron 
manufacturers  to  let  it  be  sapposed  that  their  iron  was  made  in 
Laucashire.  Lancashire  iron  was  well  known  to  be  of  a  dif- 
ferent grade  to  Swedish,  and  Lancashire  manufacturers  were 
therefore  very  much  at  a  loss  to  divine  how  tbe  brand  of 
"  Lancashire  "  originated,  and  why  iron  came  into  England  so 
branded,  but  of  much  better  quality  than  they  could  produce. 
This  puzzle  was  now  solved,  as  he  presumed  the  reason  such 
bars  were  branded  "  Lancashire  "  was  because  it  had  been  made 
by  the  old  and  interesting  Lancashire  process  described  by  Dr. 
Akerman. 

Professor  Robehts  -  Acsten,  C.B.,  President-elect,  said  he 
had  one  remark  to  make.  It  was  not  merely  that  Sweden 
owed  the  great  excellency  of  the  iron  produced  to  the  care 
which  was  taken  in  relation  to  tbe  chemical  composition  of  the 
different  varieties  of  iron,  but  to  the  care  which  had  been  given 
to  the  study  of  the  physical  condition  of  the  metal.  He  wished 
on  the  part  of  the  English  and  American  guests  to  bear  testi- 
mony to  the  great  importance  of  the  work  of  Mr.  Brinel),  who 
was  the  first,  he  might  safely  say,  to  point  to  the  extreme 
importance  of  investigating  not  merely  the  chemical  properties 
but  the  physical  properties  of  iron.  The  importance  which 
Sweden  attached  to  sucli  questions  was  brought  home  to  him 
twenty-eight  years  ago  when  he  lirst  visited  Sweden,  and  was 
kindly  received  by  Dr.  Akerman's  father,  who  was  then  Master 
of  the  Mint,  and  who,  by  introducing  him  to  certain  works  where 
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physical  testa  were  conducted,  enabled  him  to  form  au  opiuiou 
u  Co  the  great  importaace  of  such  iLvestigatious. 

Mr.  W.  F.  Beaiidshaw  agreed  with  Sir  James  KitsoQ  that 
their  success  in  making  higli-claes  steel  naa  due  to  the  high 
quality  of  the  Swedish  iron.  Both  the  present  aad  the  future 
of  Swedish  iron  was  looked  to  with  far  more  hope  by  Sheffield 
manufacturers  than  Dr.  Akerman's  paper  represented  to  tliem, 
II  was  not  only  the  Swedish  bar  iron  tliat  was  proving  a 
great  success,  but  iu  Sheffield  they  were  making  a  betler  and 
better  material  from  the  open  hearth,  and  it  was  principally 
due  to  the  high  quality  of  Kwedish  pig  irou  that  they  were 
able  to  make  such  satisfactory  quality.  On  behalf  of  Shef- 
field he  must  give  a  word  of  encouragement  to  Ur.  Akerman, 
ttitl  assure  him  that  the  present  and  future  of  the  Swedish  , 
iron  industry  was  looked  upoa  with  every  hope  for  its  con-  , 
ttaued  success. 

Professor  H.  M.  Howe  said  it  was  a  very  remarkable  part 
which  Mr.  Brinell  had  played  iu  increasing  their  knowledge  of 
the  constitution  and  nature  of  irou  and  steel.  Mr.  Brinell 
had  accomplished  very  great  results,  which  compared  creditably 
with  those  obtained  by  any  otiier  of  the  pn^sent  investigators ; 
and  the  remarkable  thing  was,  that  while  the  rest  of  them  had 
had  instruments  of  great  delicacy  and  precision  to  work  with, 
delicate  pyrometers  and  microscopic  arrangements,  Mr.  Brinell's 
results  had  been  obtained  with  the  use  of  nothing  more  than  a 
blacksmith's  forge,  his  own  eyes  and  brains.  This  power  of 
obtaining  a  deep  insight  into  the  nature  ol"  a  subject  thus  unaided 
was  tlie  mark  of  a  powerful  mind  and  of  a  very  remarkable 


The  Pkesident  said  Dr.  Akerman's  paper  bad  informed  them 
what  iron  and  steel  manufacturers  owed  to  Sweden,  and  the 
tare  witii  which  this  industry  had  been  fostered  by  the  kings 
of  Sweden  from  the  time  of  Gustavus  Wasa  to  the  present  by 
King  Oscar,  who  encouraged  and  helped  everything  connected 
with  the  improvement  of  the  material  interests  of  his  country. 
Ha  would  remind  the  meeting   that  when  the  Jernkontor  was 
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founded  about  1747,  the  pig-iron  manufacture  of  South  Wales 
was  duly  beginning,  and  Sweden  was  then  making  probably 
twice  as  much  iron  as  the  whole  of  Great  Britain.  He  begged 
them  to  accord  Director-General  Akerman  a  hearty  vote  of 
thanks  for  his  very  able  paper. 

Dr.  Akerman  acknowledged  the  kind  manner  in  which  his 
paper  had  been  received. 

The  President  had  very  great  pleasure  in  announcing  to  the 
members  that  King  Oscar  would  honour  them  with  his  presence 
about  noon  on  the  following  day,  and  he  trusted  they  would 
then  have  a  good  attendance  to  show  how  much  they  appreciated 
his  Majesty's  presence  among  them. 

The  next  paper  to  be  read  was  that  of  Professor  G.  Norden- 
strOm,  who  was  unfortunately  sufifering  from  ill-health.  He  was 
the  leading  authority  on  this  subject  in  Sweden,  and  he  was  glad 
to  learn  that  the  Jemkontor  had  shown  their  appreciation  of  the 
Professor's  twenty-five  years  of  constant  work  in  advancing 
Swedish  mining  by  awarding  him  their  great  Grold  MedaL 
They  all  wished  him  a  speedy  recovery. 

The  Secretary  then  read  an  abstract  of  the  paper. 
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THE  MOST   PROMINENT  AND   CHARACTERISTIC 
FEATURES  OF  SWEDISH  IRON  ORE  MINING. 

Bi  pROv.  G.  NOBDENSTHOM  (Sobool  of  Mikih,  Stookhulm]. 

TllE  milling  of  Swedish  iron  ores  has  from  ita  beginniug  beeti 
much  iuflueaced  by  tbe  method  of  working  and  mining  adopted 
i&  the  Swedish  copper,  silver,  and  lead  mines,  or  principally  by 
the  German  method,  which  was  long  in  use  in  these  mines. 
Indeed,  our  German  neighbours  may  be  said  to  have  been  the 
instructors  of  most  countries  iu  miuing.  Willi  us.  as  also  in 
many  other  countries,  mining,  however,  subsequently  developed, 
in  several  respects  independently,  partly  through  the  endeavours 
of  our  professional  men,  most  frequently  apart  from  any  influence 
from  other  couutries,  partly  also,  in  a  certain  degree,  as  a  con- 
sequence of  the  nature  of  our  ore  deposits  and  their  mode  of 
occurrence,  and,  in  connection  therewith,  of  the  geological  con- 
ditions of  the  country  in  {general. 

In  this  paper  I  shall  endeavour  to  present  the  principal 
features  of  Swedish  mining  in  which  it  differs  from  that  of  otiier 
countries.  By  way  of  introduction,  I  will  give  a  summary  of 
the  geological  conditions  of  our  country. 

I.    iNTROUUcnON GkNERAL    GEOLOfiV. 

The  geological  character  of  Sweden  is,  iu  general,  very  different 
from  that  of  other  European  countries,  and  this  is  partly  due 
to  the  fact  that  in  by  far  the  largest  part  of  the  country 
only  two  of  the  geological  series  are  represented — namely,  the 
two  extremes,  the  oldest  and  the  youogest — and  partly  because 
the  country  having  been  oue  of  the  principal  centres  of  the 
Kortb  European  land-ice,  ihe  deposits  whicli  were  formed  in 
coDDectton  with  this  glacial  ])eriod  are  very  largely  developed, 
and  give  the  country  its  peculiar  stamp. 

The  uneven,  undulating  rock  bottom  whicii,  as  a  rule,  belongs 
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to  the  vdnam  nrie^  cr  |«iM»>iTe  nek,  is  tliae  ■suallj  covered 
witli  naMerauj  d/epaao,  gnvd,  saad,  and  cbjs. 

Ammg  the  ardwsa  rock*  oceozri^  in  Sweden,  gneiss  is  the 
Must  oomnun.  It  ocean  over  aunnmu  extents  of  country, 
eovering  alnwet  the  vhole  Bootli-vest  put  of  Sweden,  and  a  vei; 
broad  belt  slong  the  east  coast,  haa  Vest^rik  in  the  south  ttp 
to  the  FinniBh  fnmder  in  tiie  noith.  The  gneisses  are  of  many 
kinds.  Tbej  ate  red  and  gr^j  in  many  di^rent  shades,  and  a 
latge  number  of  ratieties  are  dtstii^uishable,  among  which  the 
(oUowing  may  be  mentioned:  hornblende  gnei^  corderite  goeiss, 
garnet  gneiss,  iron-gneiss,  &C- 

In  Sontheni  Sweden  the  prmiitire  rock  is  divided  into  two 
parts  on  a  line  running  north  to  south.  The  rocks  in  the  west 
part  are  quite  unlike  thoee  in  the  east  In  the  west  part  the 
rocks  are  mostly  reddish  iron  gneiss,  but  in  the  e«st  part  there  is 
a  great  variation,  the  granite,  "ba;lletlinta"  (petrostlex)  giieiss, 
&c,  alternating.  Attempts  bare  been  made  to  explain  this  hy 
presuming  that  an  enormous  overthrust  has  takeii  place  along 
tfaia  line,  the  west  part  being  sunk  in  relation  to  the  east  part 

In  certain  portions  of  the  gneiss  region  of  Eastern  &we<len,  in 
ibe  pruvincea  of  Sodermauland  aud  Ostet^otland,  there  are 
stratified  deposits  of  limestone  aud  Iron  ore,  but  in  the  g^iteisa 
regious  of  Western  Sweden  granular  limestone  does  not  occur, 
with  but  one  exception,  neither  does  it  occur  in  Southern  Sweden 
south  of  tlie  [irovince  Ostergotland,  with  two  or  three  exceptions 

In  the  gneiss  regions  referred  to  granite  t-neiss,  granite 
porphyry,  diorite,  gabbro,  hyperite,  &c,  frequently  occur,  as  well 
OS  Sne-graiiied  rocks,  regarded  as  belonging  to  the  youngest  of 
the  arcIiEBciD  deposits.  These  latter  consist  of  hailletlinta-gneiss 
or  granulite,  ha^UeHitila,  quartzite,  beds  of  metamorphosed  con- 
glomerates, mica  -  schists,  clay-alate,  and  granular  limestone. 
From  a  technical  pgiut  of  view,  these  youngest  arcliBean  rocks 
are  of  special  imfiortance,  since  our  beat  and  largest  deposits 
of  iron  ores,  as  well  as  those  of  other  metals,  such  as  copper, 
siinc,  luiul,  silver,  manganese,  &c.,  are  connected  with  them. 

Granite  is  fuuud  mostly  in  the  souifa-easc  part  of  Sweden, 
and  also  in  rich  massive  deposits  in  several  diflereut  parts  of 
the  country,  suniutimes  connected  with  the  gneisses,  aud  some- 
timei  younger  and  cutting  across  them,  but  still  of  Archaean  age. 
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and  its  length  about  1800  kilometres.  If  this  suppositioD  is 
correct,  theae  overthrusts  greatly  exceed  in  magnitude  the  largest 
hitherto  known,  namely,  those  in  the  Chablais  region  in  Switzer- 
land, which  have  been  shown  to  have  a  width  of  50  kilometres. 

The  Mesozoic  series  is  represented  by  Triaasic,  Jurassic,  and 
Cretaceous  strata,  which  are  exclusively  confined  to  the  sonthem- 
most  province  of  the  conntry,  namely,  Skane  or  Scania,  where 
the  greatest  diversity  in  the  ideological  structure  is  observed. 

In  the  north-western  part  of  Scania  there  are  layers  of  sand- 
stone and  clay  belonging  to  the  beginning  of  the  .Inraaaic  and  to 
the  Rhietic  period.  These  are  furthermore  noteworthy  tor  contain- 
ing the  only  beds  of  coal  in  Sweden,  which  are  miued  at  Hoganiifl, 
■  Billesholm,  Bjuf,  Skromberga,  Ljungsgarda,  and  some  other  places. 
The  coal  occurs  mostly  in  horizontal  or  slightly  incliued  beds 
alternating  with  carbonaceous  shales,  and  there  is  generally  only 
one  bed  which  is  worth  working,  The  whole  thickness  seldom 
exceeds  16  metre.  Immediately  below  the  coal-bed  there  is 
generally  a  layer  of  refractory  clay,  which  has  a  maximum  thick- 
ness of  two  metres,  and  is  worked  partly  or  entirely  at  the  same 
time  as  the  coal-bed. 

Among  younger  eruptive  rocks  mention  should  be  made  of  thM 
diabases,  which  often  occur  in  beds  and  dykes  in  the  Silurian  s 
other  older  systems.     Nepheline-syenite  and  melilite-liasi 
the  post-cretaceous  basalts,  only  occur  in  the  province  of  SoaniaJ 

The  quaternary  deposits  are  either  glacial  or  post-glacial.  Th^ 
most  extensively  developed  is  the  morainic  gravel,  which  is  i 
places  covered  with  glacial  clays  of  marine  origin. 

These  deposits  are  characterised  by  the  so-called  "  asar,' 
elongated  ridges  occurring  here  and  there,  and  consisting  almoi 
exclusively  of  sand  and  layers  of  glaciated  gravel  and  boulders.  ] 

The  post-glacial  deposits  are  represented  by  marine  clays  andV 
alluvial  formations.     In  the  Utter  there  are,  in  nearly  alt  patta  l 
of  Sweden,  peat-bogs,  which  altogether  occupy  an  area  of  aboat] 
five  million  hectares  (nearly  20,000  square  miles).      In  this  c 
nection  I  should  mention  the  lake  and  bog  ores,  whicli,  togethei 
with  the  peat-boga,  are  the  only  Swedish  quaternary  formatioi 
of  any  great  economic  value. 
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Ht,  entirely  different  from  those  which  accompany  ore  in  lodes 
veins.  These  minerals  accompanying  our  iron  orea,  to  which 
(  given  the  name  "  skarn  "  or  gan-jues  (matrix),  are  pyroxene, 
iphibole,  epidote,  felspar,  garnet,  talc,  chlorite,  apatite,  calcspar, 
artz,  &c. 
The  iron  ores  seldom  occur  in   iaolated  lenses,  but  most  fre- 

aently  appear  several  toi^ether,  and  it  is  then  not  seldom  that 

ley  form  longer  or  shorter  series  of  lenses  occurring  in  a  line, 
le  after  the  other,  or  forming  two  or  more  parallel  lines.  The 
uses  in  each  series  are  frequently  so  placed  that  each  varies 

lore  or  leas  from  the  main  lonj^itudinal  direction  of  the  preceding 
fi.  Since  the  iron  ore  beds  run  in  the  same  direction  and  have 
e  same  inclination  as  the  country,  they  also  follow  all  its  bends 
id  folds.      Consequently  there  are  frequently  sudden  transitions 

torn  one  inclination  or  direction  to  aiioiher,  and  the  ores  occur  in 
le  form  of  concave,  trough -shaped,  and  saddle-shaped  deposits, 

rhich  are,  however,  generally  more  or  less  denuded.  The  thick- 
S8  of  the  iron  ore  deposits  varies  much,  partly  because  of  their 
iticulor  form,  and  partly  on  account  of  the  dislocations  and 

iressures  to  which  they  have  been  subjected  since  their  formation. 

fhe  thickness  is  greatest  in  the  ores-of  the  famous  iron  mountains 
Norrbotten.     lu  Kirunnavara  the  maximum  thickness  of  the 

bposit  varies  between  35  and  150  metres.      In  Gellivare  there 

ire  ore  deposits  with  a  thickness  of  70  metres. 

Among  the  mines  of  Central  Sweden  the  Grangesberg  mine 
ikes  the  lead  in  this  respect.     Here  the  maximum  thickness  is 

10  metres.      Id  the  other  large  mines  it  varies  from   12  to  30 

Betres,  and  sometimes  reaches  35  metres.      In  most  mines,  how- 

irer,  it  is  less  than   10   or   12   metres.     If  the  deposit  has  a 

bickness  of  2  metres  only,  it  is  still  considered  worth  mining. 

In  regard  to  the  len;^'th  of  the  ore  field,  the  Norbotten  ores 
Iso  take  the  lead.  Thus  the  great  stock-formed  deposit  at 
[imtinavara  has  an  uninterrupted  length  of  3500  metres,  and  at 
le  adjacent  Luossavara  mine  the  ore  has  a  length  of  nearly  1300 

petres,  also  uninterrupted. 

In  the  Gellivare  ore  mountain,  also  situated  in  Norbotten, 
lere  is  not  a  continuous  ore  deposit  or  ore  stock  of  so  great  a 
ingth  as  that  in  Kirunnavara,  liut  the  total  length  of  the  ore 
inses  here  present,  together  with  the  intermediate  dead  rock,  is 
DOO  inetTe,s. 
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In  the  long-worked  iron  ore  miues  of  Central  Sweden  there 
are  not  lenses  of  ore  or  stocks  of  ore  of  so  great  length  as  in 
Kirnnnavara.  The  most  prnmhient  mines  in  this  respect  are 
those  at  Norberg  and  at  Grangesberg,  At  the  former  mine  there 
are  ore  deposits  with  a  length  up  to  1200  metres,  while  at  the 
latter  mine  the  maximum  length  of  the  deposit  is  1000  metres. 
Deposits  200  to  300  metres  long  occur  in  several  mines. 

If,  on  the  other  hand,  we  take  into  consideration  the  total 
length  of  the  ore  field,  or  of  the  whole  series  of  deposits  following 
each  other  in  the  same  direction,  we  also  get  very  large  figures. 
Thus,  the  total  leticth  of  the  Norherg  ore  field  is  nearly  20,000 
metres,  that  of  Grangesherg,  to;;ether  with  Lomberg,  whicli 
belongs  to  Griingeaberg,  4000  metres,  that  of  Riddarhyttan  3500 
metres,  and  that  of  the  world-renowned  Dannemora  ore  field 
2000  metres. 

Following  the  inclination,  iron  ore  deposits  have  been  worked 
to  a  maximum  depth  of  400  metres.  The  Asboberg  mine  (the 
vertical  depth  is  here  280  metres),  in  Nerike,  has  been  worked  to 
this  depth.  The  mines  with  the  greatest  vertical  depth  are 
Taberg  in  Vermland,  and  Dalkarlsberg  in  Nerike,  The  former 
has  a  depth  of  355  metres,  the  latter  330  metres.  In  Mamas 
mine,  in  the  Grangesberg  ore  field,  the  ore  has  been  worked  along 
the  inclination  to  an  inclined  depth  of  350  metres  (285  metres 
vertical  depth).  None  of  the  otlier  mines,  even  those  which  have 
been  worked  since  time  immemorial,  are  as  deep.  In  regard  to 
the  persistence  in  depth  of  iron  ores,  it  may  be  noticed  that  in 
the  mines  worked  to  the  greatest  depth,  the  ore  did  not  seem 
inclined  to  decrease,  but  it  has  generally  the  same  dimensions  as 
at  higher  levels. 

Resources  of  Iron  Ore  in  Sweden, — What  has  already  been  said 
about  the  length  of  certain  ore  deposits,  and  about  their  thickness, 
is  enough  to  show  that  Sweden  has  very  large  resources  of  iron 
ore.  This  can  be  seen  more  accurately  by  the  following  table  (I,), 
which  gives  in  square  metres  the  area  of  the  horizontal  section 
of  the  ore  deposit  in  some  of  the  larger  iron  ore  mines  of  Sweden, 
and  the  total  ore  area  of  the  otlier  iron  ore  fields,  approximately 
calculated. 
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having  sunk.  The  dip  of  the  vein  then  varies  between  45''  and 
90^  When  the  dip  of  the  vein  is  less  than  45**  the  fault  gene* 
rally  takes  place  in  the  opposite  direction  (reversed  fault). 

Besides  the  minerals  mentioned  above,  these  veins  are  some* 
times  composed  of  quartz,  calcspar,  epidote,  mica,  zeolite,  felspari 
asphalt,  clay,  &c 

(c.)  Veins  and  Masses  of  Iran  Ore, — As  has  been  intimated 
above,  there  are  only  a  few  iron  ores  which  belong  to  this  category,  f 
Among  these  should  be  classed  the  iron  ores  which  occur  as  a 
kind  of  vein-masses  in  certain  rocks  belonging  to  the  gabbro  and 
hyperite  groups.  The  most  renowned  of  these  iron  ore  deposits  is 
that  at  Taberg,  eleven  kilometres  south  of  Jonkoping  (Smaland)^ 
It  is  found  here  in  form  of  a  mountain  125  metres  high,  150 
metres  wide,  and  about  900  metres  long.  The  iron  ores  also 
occurring  in  hyperite  at  Langhult,  in  the  same  province,  and  at 
Ransberg  in  Vestergiitland,  are  considered  to  be  analogous  in 
character. 

The  only  other  iron  ore  which  can  be  considered  as  real  vein 
ore  is  that  which  has  been   mined   at   Hesselkulla  in  Nerike.  •- 
The  country  is  here  primitive  granite. 

3.  Nature  and  Coinposition  of  Iron  Ores, 

The  minerals  which  constitute  the  so-called  mountain  ores  are 
magnetite  or  black  ore,  and  haematite  or  specular  iron.  The  former 
is  beyond  all  question  the  most  common.  Of  the  total  produc- 
tion of  iron  ores  during  the  period  1891-95,  about  83  per  cent 
was  magnetite  or  "black  ore,"  and  17  per  cent,  haematite  or 
"  blood-stone."  In  1897  the  former  amounted  to  89  per  cent, 
and  the  latter  to  11  per  cent.  Generally  one  of  these  minerals 
constitutes  the  principal  part  of  the  ore.  A  large  number  of 
iron  ores  contain,  however,  an  intimate  mixture  of  both  of  these 
minerals,  and  sometimes  even  it  is  difficult  to  tell  under  which 
mineral  the  ore  should  be  classed. 

Iron  ore  contains,  besides  the  ore  mineral,  a  large  number  of 
other  minerals,  the  so-called  "  skarn  "  or  waste  minerals,  which 
occur  in  more  or  less  intimate  mixture  with  the  ore  minerals, 
and  thereby  help  to  give  the  ore  a  certain  character.  Among 
other  minerals,  quartz  is  a  very  common  constituent,  especially 


THE   MOST    PRriMlNENT    AND    CHARACTEBISTIC 


Its  iron  contents  vary  between  48  per  cent,  and  52  per  cenc. 
and  its  percentage  of  titanic  acid  between  11  and  13. 

As  regards  the  aforesaid  five  groups  of  ores  in  general,  their 
iron  percentage  varies  between  30  per  cent,  and  70  per  cent.,  hiu 
generally  runs  between  50  per  cent,  and  60  per  eenL  The  ore- 
of  the  fourth  group  are  suuictinies  used,  even  if  they  do  not  con- 
tain more  than  about  20  per  cent,  of  iron,  but  only  in  miitnre 
with  richer  quartz  ores, 

Swedish  iron  ores  generally  coulaiu  very  little  pliosphorus. 
The  ores  moat  renowned  for  their  low  percentage  of  phosphorus 
are  the  Uannemora  ores,  which  contain  only  0"002  and  O'OOS  per 
cenL  of  phosphorus,  and  the  ores  from  Bisberg,  Persber<.',  liis- 
hojdberg,  and  Klackberg  (in  Nurbei'g),  whose  percentage  of  phos- 
phorus varies  between  this  mininiutu  and  a  somewhat  larger 
maximum.  Generally  the  percentage  of  phosphorus  otherwise 
varies  between  0-006  per  cent,  and  0-05  per  cent. 

Ou  the  other  hand,  there  are  ores  containing  I'rom  O'l  per  cent, 
to  1'5  per  cent,  of  phosphorus,  such  as,  for  instance,  some  ores  from 
Griiiigesberg,  Gellivare,  and  Kirunnavara.  In  the  two  tatter  ore 
fields  there  are  also  ores  containing  from  1*5  to  3  per  cent,  of 
phosphorus. 

The  majority  of  the  siliceous  specular  ores,  and  even  a  consider- 
able number  of  magnetite  ores,  are  very  free  from  sulpliur,  but 
most  of  the  Swedish  iron  ores  ai'e,  however,  so  full  of  iron  pyrites 
or  other  sulphur  ores  (maguetic  pyrites,  copper  pyrites,  zinco- 
blende,  galen,  arsenic  pyrites),  that  if  a  pig  iron  free  from  sulphur 
is  to  be  made  from  these  ores,  they  must  be  subjected  to  a  careful 
calcining. 

As  an  example  of  manganiferous  ores  I  may  mention  those 
at  Laugvik  (JJalecarlia),  which  contain  10  per  ceut.  of  protoxide 
of  mangauese,  and  the  Klackberg  ores,  in  the  Norberg  district 
(Vestmauland),  wliose  percentage  of  protoxide  of  manganese 
amounts  to  7  per  cent.  Tiiere  is  also  the  ore  from  the  Tenning 
mine  (Gestrikland),  which  contains  12  per  cent,  to  14  per  ceut  of 
protoxide  of  manganese,  and  the  ore  from  Svarlberg  (Dalecarlia), 
which  is  the  most  manganiferous  of  all,  containing  from  13  per 
cent,  up  to  20  per  cent  of  protoxide  of  manganese. 

Fuller  particulars  of  the  composition  of  Swedish  iron  ores 
are  given  in  the  tables  of  analyses  (Table  II.). 
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HI.  Os  THE  Use  of  Magnetic  Ikstbuments  in 

EXPLOKING    FOli    IltON    OliK. 

Id  no  country  have  maguetii^  inBlruiiieiits  beeu  mnploytid  so 
long  8Qd  ou  such  a  large  scale  for  discuvering  irou  ores,  nor 
iTe  the  instruments  used  for  tbis  purpose  in  any  other  country 
RAched  sucli  perfection  as  in  Swedeu.  Some  have  thought  that 
depends  upon  the  fact  that  all  Swedish  iron  ores  generally 
more  or  less  attract  the  needle,  while  such  ores  are  less  common 
in  other  counlriea.  It  is  also  true  that  not  only  the  most  com- 
monly occurrui';  iron  ores  in  our  country,  the  maguetite  ores,  but 
also  the  uext  commonest,  the  haematites,  are  magnetic,  altliough 
ID  ft  lesser  degree,  since  they  are  always  more  or  less  mixed  with 
luftgnetite.  But  such  iron  ores  also  occur,  as  is  well  kuowu, 
in  lai^e  quantities  in  many  other  countries,  notably  in  the 
United  States  of  America,  also  in  Canada,  Mexico,  Russia  (Ural 
UoantatQS  and  South  Russia),  Asia  Minor,  and  British  India. 
Ill  several  places  in  these  countries  there  are  very  large  and 
muuerons  iron  ore  deposits,  partly  composed  of  magnetite  and 
{MUtly  of  ii;eiiiatite  mixed  with  magnetite.  Furthermore,  such 
iron  ores  occur  (although  not  in  such  great  quantities)  in  Spain 
(in  the  provinces  of  Malaga,  Seville,  and  iu  the  Pyrenees  moun- 
tftins),  in  Portugal  (at  San  Tliiago,  in  the  province  of  Alemtejo), 
'in  France  (in  the  Eastern  Pyrenees  mountains  at  Carrigon,  at 
Sc}p^,  in  the  Department  of  Maine-et-Loire,  at  Dielette,  in  the 
Department  of  La  Manche),  and  iu  Italy  (on  the  island  Elba, 
,  in  Piedmont,  and  in  Sardinia). 

Sweden  is,  therefore,  far  from  being  alone  in  the  possession 
of  snch  ore  deposits.  Thus  the  fact  that  magnetic  instruments 
have  long  het-n  employed  ou  a  large  scale  does  not  at  all  depend 
upon  these  suppositious,  hut  can  doubtless  he  ascribed  to  the 
■  interest  for  the  exploring  of  ore  which  has  made  itself  manifest 
for  centuries,  not  only  among  our  miidug  men,  but  also  among 
the  inhabitants  of  the  niiniug  districts  in  general.  Among  the 
latter  class,  thia  interest  was  aforetime  constantly  encouraged 
by  ihe  rulers  of  the  country,  who  granted  mining  charters  and 
rewards  to  such  as  discovered  new  ore  deposits.  A  law  was 
made  to  this  effect  more  than  300  years  ago. 

Magnetic   instruments   have,   in   Sweden,  been   employed   for 
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exploring  ore  Ibr  more  than  200  years,  and  perhaps  longer. 
To  begin  with,  only  declinatioii  coiiipassea  were  probably  iiBed 
for  this  purpose.  In  1770  iucliiiation  compasses,  or  what  are 
now  called  miiiers'  dip  cumpasses,  were  also  brought  into  use. 
This  miners'  dip  compass  was  constructed  iu  the  following 
manner :  In  a  round  brass  box  a  magnetic  needle  is  suspended 
in  such  a  way  that  it  can  move  freely  on  a  horizontal  plants  ami 
on  a  vertical  plane  to  an  an^le  of  about  70°  from  the  horizon. 
It  is  compensated  for  the  earth's  magnetism,  so  that  it  takes  a 
horizontal  position  iu  districts  void  of  ore,  or  where  there  are  no 
magnetic  ores,  By  the  help  of  this  simple  iuatrumeut,  which 
by  far  excels  the  dip  compass,  "  invented  "  a  hundred  years  later 
(1866)  in  the  United  States,  all  our  iron  ores  have  been 
explored,  and  even  a  large  number  of  other  ore  deposits,  such 
as  copper,  zinc,  cobalt,  and  nickel,  have  been  discovered  by  its 
aid,  siuce  these  ores  contain  a  greater  or  lesser  proportion  of 
magnetite  or  magnetic  pyrites.  As  a  rule,  miners'  compasses 
without  graduation  are  used.  The  liorizontal  plane  of  the 
needle  is  only  ioi.iicated  by  a  ring  inside  the  compass.  The  dip 
of  the  needle  is  estimated  only  by  the  eye,  and  is  not  actually 
measured.  The  miners'  compass  is  still  used,  and  with  success, 
(or  exploring  for  ores,  hut  more  particularly  for  the  prelimi- 
nary exploring  work  in  ore  fields. 

In  later  times,  how«ver,  the  demand  for  more  accurate  results 
has  grown,  and  during  the  past  thirty  years  there  have  been 
introduced  magnetic  instruments,  by  means  of  which  a  still  more 
exact  knowledge  of  the  magnetic  conditions  of  our  iron  ore  fields 
can  be  obtained.  These  instruments  are  Thal^n's  magnetometer 
and  Tiberg's  inclinator  or  inclination-balance. 

Thal^u's  magnetometer,  constructed  by  Mr.  Thalcn,  Professor  at 
the  Upsala  University,  is  a  modification  of  Lament's  theodolite. 
It  consists  of  a  declJnutiou-compass  (A,  Fig.  1)  of  about  80  milli- 
metres in  diameter,  which  is  provided  with  a  scale  graduated  (o 
degrees  and  lialf  degrees  from  0°  to  90°.  At  right  angles  to  the 
diameter  whicli  passes  through  the  zero-point  of  the  scale,  there 
is  attached  an  arm  (B)  from  20O  to  220  mm.  long.  On  this 
arm,  whicli  is  graduated  in  millimetres,  is  placed  the  bar-magnet 
(C)  for  the  deviation  measurements,  which  can  at  the  will  of  the 
operator  be  given  a  certain  fixed  distance  from  the  centre  of  the 
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needle.  The  inatrnment  is  rotated  on  a  vertical  axis  whose 
central  line  passes  through  the  centre  of  the  magnetic  needle. 
it  is  provided  with  a  spirit-level  (D),  sights  (E  and  F)  and 
levelling-screws,  and  is  placed  on  a  tripod, 
Thal^n's  magnetometer,  which  has  been  in  use  for  more  tlian 
renty-five  years,  is  now  used  ptincipally  for  measuring  horiKontal 


itensity.  In  so  doing,  two  methods  may  be  used;  the  tangent 
leChod  and  the  siue  method. 

In  using  the  tangent  method,  the  magnetic  needle  is  first 
laced  at  zero  after  the  instrument  has  been  levelled  and  tbe 
ir-magnet  has  been  removed   from   its  place.     Then  the  bar- 


m^net  is  put  in  its  pioper  place  on  the  aim,  and  the  angle  of 
bviation  (a)  is  read. 

In  asing  the  sine  method,  the  bar-magnet  ts  first  put  in  place 
U  the  arm.  Tlien  the  magnetic  needle  is  placed  at  zero,  and, 
liter  the  bar-raagnet  has  then  been  removed,  the  angle  of  devia- 

Q  (a)  is  read.     This  latter  method  gives  more  exact  results, 

1  it  is  always  used  for  theoretical  calculation  or  when  abso- 
Qtely   exact    results   are   desired.      In    practice,   however,    the 
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tangent  method  is  generally  used,  partly  because  it  is  more 
convenient  and  partly  because  it  is  everywhere  applicable,  which 
is  not  the  case  with  the  sine  method  in  certain  points  of  the  ore 
fieUl  north  of  the  ore.  In  these  points  the  free  needle  has  an  indif- 
ferent equilibrium,  and  they  are  therefore  called  indifferent  points. 
If  in  measurements  of  a.  field  where  magnetic  ores  are  found, 
B  stands  for  the  resultant  oi  the  horizontal  component  of  the 
earth's  magnetism  and  other  magnetic  forces  present,  the  follow- 
ing formiihe  for  the  two  methods  of  observation  are  easily  ob- 
tained ; — 

Rttat.  a  =  r,  ud  A  lin  a  =  A',, 

in  which  A"  and  K„  are  constants  as  long  as  the  size  and  position 
of  the  niaj;net  remain  unaltered. 

In  regiird  to  the  use  of  the  magnetometer  in  ore  fields,  I  have 
given  a  more  detailed  account  on  pp.  23—25  of  my  book, 
"L'IndusLrie  Mini^re  de  la  Sufede,"  published  last  year.  Refer- 
ring to  this  IkwIc,  I  will  here  only  give  the  main  points  of  the 
method  coiunionly  used. 

Before  the  measurenieuts  are  begun,  the  instrument  is  adjusted 
at  a  place  where  there  are  no  magnetic  ores,  and  consequently 
no  other  magnetic  force  than  tlie  earth's  magnetism.  The  angle 
of  deviation  found  here  is  noted  Qq'  ^^^  '3  generally  so  arranged 
that  it  is  equal  to  25°  or  30°.  Then  begins  the  measurement  ot 
the  ore  field,  which  for  this  purpose  is  divided  into  squares  with 
aides  10  metres  in  length.  Bj  the  aid  of  the  tangent  method  the 
angle  of  deviation  (a)  is  afterwards  obtained  in  each  corner  ot 
every  square.  These  a-values  are  noted  on  a  map  (see  ideal 
map.  Fig.  3),  and  the  points  for  which  equal  angles  have  been 
obtained  are  joined.  This  gives  two  systems  of  isodynamic 
curveB,  which  in  a  more  or  less  regular  manner  are  grouped 
around  their  foci  or  centrea  One  of  these  is  situated  north  of 
the  ore  and  where  the  a-vaUie  is  greatest,  and  is  therefore  noted 
with  a-maximum ;  the  other  is  situated  either  directly  above  the 
greatest  mass  ot  ore  or  somewhat  to  the  south  of  it,  and  repre- 
sents the  smallest  a-value,  being  therefore  noted  with  a-miuimum. 
Between  these  two  groups  of  curves  there  is  an  open  curved  line, 
whose  angle  of  deviation  is  the  same  as  obtained  in  dead  regions 
and  it  is  noted  with  a^  This  curved  line  is  called  a  neutral  li&e 
after  the  angle  Qj.  which  is  called  a  neutral  angle. 
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The  line  which  unites  the  maximum  point  and  the  minimum 
point  indicates  the  direction  of  the  magnetic  meridian  of  the 
ore  field.     The  centre  of  the  greatest  mass  of  ore  is  situated  in 
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Fio.  3. 


the   point   of    intersection   of   the   magnetic    meridian   and   the 
neutral  line  as  often  as 

sin  oo  <  3  sin  a  min. 

In  this  case  the  outcrop  of  the  ore  is  also  covered  with  more 
or  less  thick  beds  of  sand,  gravel,  or  other  younger  deposits. 
If,  on   the  other  hand,  we  have  sin  a^   >   3  sin  a  ^,„    the 
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centre  of  the  ore  is  situated  eitlier  uuder  the  point  representing 
a  win.,  or  somewhere  on  the  magnetic  meridian  between  this 
point  and  the  aforesaid  point  of  intersection.  In  this  case  the 
ore  either  crops  out  at  the  surface,  or  its  outcrop  is  covered 
with  younger  deposits,  whose  thickness  is  less  the  nearer  the 
centre  of  the  ore  lies  to  the  minimum  point. 

Finally,  it  should  be  noticed  that,  in  order  to  get  correct 
results,  tile  levelling  of  the  ore  field  which  is  being  measured 
should  be  known. 

Tiberi:'8  inclinator,  or  inclination  balance,  as  it  is  also  called, 
has  been  in  use  since  1880,  when  it  was  invented  by  E.  Tiberg. 
It  consists  of  a  dip  compass,  80  millimetres  in  diameter.  ^raduat«d 
from  0°— 90°,  and  a  magnetic  needle  so  hung  that  it  cannot  move 
except  on  tiie  plane  of  the  graduated  circular  scale.  The  instru- 
ment furlhermore  differs  from  other  dip  compasses  in  that  the 
centre  of  gravity  of  the  magnetic  needle  ia  a  little  below  its 
horizontal  axis  wheu  the  compass  is  in  a  vertical  position.  The 
needle  is  compeusatod  for  the  vertical  force  of  the  earth's  mag- 
netism by  a  piece  of  wax,  or  by  a  counterbalance  of  aluminium 
fixed  to  it. 

For  some  years  this  instrument  has  been  generally  used  in 
combination  with  Thalcn's  magnetometer,  partly  to  avoid  the 
necessity  of  taking  more  than  one  instrument  on  surveying  expe- 
ditions, and  partly  because  that  by  such  a  combination  of  the 
two  instruments,  measurements,  according  to  both  Thalijn's  and 
Tiberg's  methods,  could  be  more  quickly  made,  especially  if  the 
tangent  method  was  to  be  used. 

The  combined  instrument  is  illustrated  in  Figs.  4  and  5. 
Fig.  4  shows  the  instrument  furnished  with  Tiberg's  compass, 
but  in  Fig.  5  it  is  substituted  by  ThaWn's  compass. 

In  order  to  make  it  possible  to  use  first  the  one  and  then 
the  other  of  these  compasses,  they  are  provided  with  axle-pini 
fitting  into  the  bearings  in  the  standards  (a).     The  centre-line»:J 
of  the  axle-pins  in   the  Tiberg  compass  run  through  the  z 
points,  but  in  the  Thalcn  compass  through  the  90°  point, 
inattument  is  furnished  with  a  spirit-level  (b),  a  transverse  anc 
(c),  and  Bights  (d).     The  arm  (c),  secured  on  one  of  the  standards,"! 
serves  to  receive  the  bar-maguet  for  the  deviation  measurements,  .J 
when  measurements  according  to  the  Thal^n  method  are  to  be  J 
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most,  observations  are  made  with  the  inclinator  in  each  comer 
of  every  square  in  the  following  manner : — 

The  compass  is  placed  horizontally  and  is  turned  on  the 
horizontal  plane  till  the  central  line  through  the  axle-pins  of  the 
compass  is  at  right  angles  to  the  direction  of  the  needle,  or,  in 
other  words,  so  that  the  needle  is  placed  at  90°.  Then  the 
compass  is  turned  on  its  axle-pins,  so  that  it  has  a  vertical 
position.  In  this  position  the  needle  is  only  affected  by  the 
vertical  component  of  the  ore,  and  this  causes  a  greater  or  lesser 


Fig.  (J. 


inclination  of  the  needle.     If  the  magnetic  force  of  the  -ore  is 
P,  and  the  angle  of  the  inclination  is  V,  then  we  have — 


P=K  tAu.  V. 


If  we  mark  the  value  of  Fon  a  map,  and  the  points  for  which 
the  same  F-values  were  obtained  are  united,  we  get  a  system  of 
curves,  isoclinic  curves,  which  are  more  or  less  regularly  grouped 
around  a  certain  centre  whose  F"-value  is  greater  than  that  of  all 
the  others  (see  Fig.  6).  Immediately  under  this  centre,  where 
V=  V  max.,  the  greatest  mass  of  ore  always  occurs. 

Besides  for  surveys  at  the  surface,  both  the  magnetometer 
and  the  inclinator  are  also  used  for  surveys  underground,  in 
galleries  and  in  other  places,  for  exploring  the  ore.  For  this 
purpose  the  siue  method   is  generally  used.       If   H  (Fig.    6) 
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suggestions,  made  complete  uiaguetic  measurements  aud  maps  o(  1 
the  Iberiau  Irgu  OT'e  Co.'s  iniues  near  Pedroao  (Spaiu),  These 
were  tlie  fii'st  complete  maguetic  measuremeots  which  have  been 
made  of  iron  ore  fields  in  Europe  outside  of  Sweden,  except,  per- 
haps, some  few  in  Finland.  By  means  of  these  measurements, 
which  were  made  both  accordLug  to  Thalu-n's  and  Tiberg'a  methods, 
much  has  been  learnt  in  regard  to  the  site,  &c.,  of  these  mines, 
aud  they  have,  on  the  whole,  beeu  of  the  same  use  at  Pedrosu 
on  38°  latitude  as  in  Sweden  on  60°  latitude. 

The  benefit  of  ma;^netic  measurements  in  ore  fields  has  also 
been  proved  in  the  United  States,  and  there  is  no  doubt  thai  such 
measurements  would  be  of  great  use  in  all  countries  which  have 
been  above  mentioned  as  possessing  magnetic  iron  ores.  It  is 
astonisbiuy  that  people  in  these  countries  have  not  already 
learned  to  appreciate  the  great  advantages  which  are  offered  to 
the  practical  miner  by  the  use  of  the  niugnetic  instrimients 
described  above. 


IV.  Prospecting  for  Iron  Ore  Dkposits  i 
Diamond  Dhiluhg. 


In  Sweden,  as  in  several  other  countries,  diamond  drilling  is 
used,  as  well  as  siiafts  and  drifts,  for  exploring  ore  deposits. 
In  othei'  countries  larger  and  more  complicated  machines  are 
generally  used,  with  which  cores  from  230  to  nearly  400  milli- 
metres in  diameter  are  obtained,  and  which  can  drill  holes  as 
deep  as  2000  metres. 

Such  large  diamond  drills  have  only  on  a  few  occasions  been 
used  in  Sweden,  and  on  account  of  the  great  compactness  which, 
as  a  rule,  characterises  both  our  ores  and  their  country,  it  is 
not  at  all  necessary  to  use  drilling  machines  which  give  cores  of 
so  great  a  diameter.  In  our  iron  ore  mines  we  have,  since  1887, 
used  very  simple,  cheap,  and  easily  transportable  diamond  drills 
which  bore  holes  whose  cores  have  a  diameter  leas  Chan  one-tenth 
as  great  as  the  smallest  diamuter  given  above. 

All  the  drilling  done  with  these  machines  has  been  executed 
by  the  Swedish  Diamond  Drill  Rock  Boring  Co.,  Ltd.,  in  Stock- 
holm ;    and  the  total   depth  of   the   borings  put  down   by   this 
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nitro-glycerine  have  been  used  for  an  e<|ually  lou^  time. 
powder  is  no  longer  used  in  mining.  Everywhere  in  tlie  Swedii 
mines  the  boring  tools  are  adapted  so  as  to  give  the  greatest  possib 
effect.  In  order  to  do  this,  it  is  necessary  to  have  the  hamm 
as  heavy  as  possible  in  relation  to  the  drill,  or,  if  P  is  the  weigl 
ot  the  hammer,  and  P^  that  of  the  drill,  it  should  be  so  arrangl 
that  the  relation  j,^-j, .  which  also  represents  the  relation  betwee 
the  effective  work  and  tlie  total  work,  is  as  great  as  possible,  i 
has  also  alwaya  been  tlie  rule.  In  single-handed  drilling,  wbi( 
is  now  escluaively  used,  the  weight  of  the  hummer  general 
varies  between  3-5  and  4-5  kilogrammes,  and  the  average  weig 
of  the  drill  1'4  to  T?  kilogrammes.  Thus,  the  ratio  p^ 
Sweden,  equal  to  0-67  np  to  0-75,  while  in  several  other  countri< 
where  in  many  places  the  weight  of  the  single-handed  hamut 
is  only  1-25  to  I'b  kilogrammes,  the  ratio  is  only  0-47  to  O'S 
or  at  the  most  0'57. 

Besides  adapting  this  ratio  of  weight,  the  working  eSect  I 
also  been  raised  by  using  steel  of  suitable  hardness  for  the  drilli 
tools  and  by  giving  the  bit  a  shape  suited  to  the  rocks,  which  s 
as  a  rule,  hard. 

By  these  means  such  advance  has  been  made  that  it  has  be 
possible  to  use  hammers  for  drilling  1500  up  to  3000  meti 
without  their  wear  or  loss  in  weight  amounting  to  more  than  C 
to  0'6  kilogrammes ;  and  as  to  the  drilling  effect,  it  is  usual 
underhand  drilling  to  drill  250  to  375  mm.  per  man  per  hoi 
and  sometimes  up  to  600  mm. 

Considering  the  great  hardness  of  the  rock  and  the  ore,  < 
efficiency  is  attained  in  hand-drilling,  and  for  this  reason,  ro 
drilling  machines  have  not  come  into  practical  use  in  the  t 
until  about  twenty  years  ago,  since  which  time  their  constructi 
has  been  greatly  improved.     Their  use  is,  even   now,  far  fro 
common.     Another  circumstance  which  contributes  to  the  slig 
use  of  drilling  machines  is  that  they  are  not  quite  suitable 
stoping,  which  is  the  most  common  inetliod  of  working  in  1 
mines.     There   are   certain   difficulties  in   placing  rock   drilli 
machines  on   the  wide  and  precipitous  stopes,  10  to  18  meti 
high.     On  the  other  hand,  in  mines  where  filling  is  used  th( 
machines  are  much  in  use,  and  give  advantageous  results. 
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has  eveu  been  introduced  in  some  mines  where  the  ore  and  rock 
are  compact,  but  where  the  ore  depi")3it  has  been  very  thick,  and 
miaiiig  lias  therefore  been  accompanied  by  difticiilties,  especially 
at  greater  depths.  Among  the  methods  belonging  to  this  class, 
overhand  and  cross- working  are  exclusively  used,  and  their  adapta- 
tion does  not,  on  the  whole,  differ  from  the  corresponding  methods 
in  use  in  other  countries.  The  only  more  notable  difference  is 
the  width  of  the  atope  when  overhand- working  is  used  in  mines 
with  ores  of  a  compact  nature.  In  such  cases  the  width  of  the 
Btopes  can  rise  to  12  or  15  metres,  aud  sometimes,  i.e.  at  Dann^ 
mora,  up  to  30  metres. 


VI.  Ventilation  of  Mines. 

According  to  observations  which  I  have  made  in  several 
Swedish  mines,  both  iron  ore  and  other  mines,  the  tempera- 
ture does  not  increase  so  rapidly  towards  the  greater  depths 
as  hits  been  noticed  in  some  other  countries.  Scartiug  from 
the  level  (30  metres)  at  which  the  temperature  is  constant  the 
year  round,  the  temperature  in  the  mines  only  risea  1°  Centi- 
grade for  every  50  metres. 

In  the  deepest  iron  mines  the  temperature  rises  up  to  10°  or 
10-3'  above  zero  Centigrade,  and  it  generally  varies  between 
6°  or  8°  or  y°  above  zero  Centigrade,  while  the  average  tempera- 
ture at  the  surface  in  our  minin;.j  districts  is,  excepting  the  very 
northernmost,  between  37°  and  6°  above  zero  Centigrade.  Con- 
sequently there  is,  as  a  rule,  a,  splendid  natural  ventilation  in  all 
our  iron  mines.  In  winter  this  ventilation  is  frequently  so 
violent  that  it  is  necessary  to  decrease  its  intensity  In  order  to 
avoid  the  formation  of  ice  in  the  working  chambers.  Ventilation 
brought  about  mechanically  Itas  only  proved  necessary  in  very 
long  galleries,  or,  in  general,  in  working  chambers  which  have 
long  and  narrow  communications,  and  in  mines  of  little  depth, 
in  which  the  ventilation  is  obviously  very  slow  during  part  of  the 
summer,  in  July  and  August,  when  the  temperature  at  the  but-  , 
face,  even  at  night-time,  is  comparatively  higli,  but  no 
expensive  or  complicated  ventilating  machines  are  ever  required.^ 
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VIII.    SuitVEYlKG     MkTHODS — MaTS    . 


I  Models  of  Minss. 


In  surveying  mines,  the  "Svenskii  Marksclieidermethoden " 
(tlie  ywedisli  surveying  method)  is  almost  exclusively  used.  The 
surveying  instrument  used  in  this  method  consists  oi  a  sighting- 
tube  attached  to  an  albidade-nile  (ah,  i'ig.  7),  provided  with  a 
tube  (c)  and  a  vertical  graduated  circle  (d),  both  fastened  to  one 
and  the  same  horizoutal  axle,  in  such  a  manner  that  the  tube 
can  move  in  the  vertical  plane  which  passes  tlirough  one  edge  of 
the  alhidade  (nh). 


This  sighting-tube,  in  surveying,  is  placed  on  a  plane  table 
fixed  to  a  tripod  frame,  which  at  the  top  consists  of  a  round 
brass  ring  (a,  Fig.  8),  whose  upper  edge  is  plane  turned  and 
polished,  and  which  is  at  the  bottom  furnished  with  a  levelling 
contrivance.  In  the  interior  of  the  ring  is  fitted  a  round 
wooden  disc  (h),  supported  by  the  screws  (c),  and  adjusted  by  the 
screws  (d)  in  such  a  manner  that,  when  drawing-paper  of  some- 
what smaller  dimensions  than  the  wooden  disc  is  glued  fast  on 
the  upper  surface  of  the  disc,  the  disc  surface  thus  covered  is  close 
under  the  upper  edge  of  the  brass  ring. 


6-i 
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ftiao  much  more  convenient  than  to  use  a  thee 
in  flxcavalions  of  the  fonn  which  is  coiniiKm  in  o 

If,  howecer,  the  ore  fields  to  be  surreyed  i 
extent,  this  method  is  not  very  snitable  to  use  aloi 
cosea  recourse  is  had  to  theodolite  surveyiiig. 
instrament  a  snflicient  number  of  fixed  points  i 
and  then  the  remaining  vork  is  done  by  the  "8 
echei  d  er  rnetfa  od  c  n . " 

According  to  the  regnlations  of  the  Swedish  ] 
plans  and  sections  of  ore  mines  mnst  be  drawn  ) 
1  :  800,  and  must  be  made  in  conformity  with  i 
drawti  up  by  the  Miuing  Department  ("  Bergsofv 
Coiineqiieiit.ly  all  shafts  and  other  excavations  muj 
on  the  plans.  Further,  both  the  parts  of  the  ( 
ore  of  different  kinds  occur  and  that  occupied  by  i 
}^nguea,  dykes,  &c.,  must  be  distinctly  marked  with  * 
specified  colours.  Contrary  to  the  rule  in  other  cotiii^ 
is  decreed  that  no  more  than  one  horizontal  section  i 
drawn  on  each  sheet,  and  this  rule  has  been  followed  in  £ 
ever  since  mine  plans  first  began  to  be  drawn  up,  270  yeai 
or  in  lfi28. 

The  mine  plans  made  in  this  way  give  a  very  clear  a 
idea,  not  only  of  the  configuration  of  the  excavation,  but  I 
the  mode  of  occurrence  of  the  ores  contained  in  the  mind 
for  that  matter,  everything  pertaining  to  the  geological  [ 
tiouB  of  the  mine. 

According  to  the  Mining  Act,  it  is  also  decreed  that  a 
plana  must  be  drawn  in  duplicate.      One  of  these  copies! 
bo  kept  at  the  mine,  and   the  other  is  to  be  forwarded  I 
Olllce  of  Mine  Maps  belonging  to  the  Board  of  Trade  at  E 
holm,  where  thurc  is  thus  a  complete  collection  of  all  1 
plans  in   the  country — a   collection   which   is  quite  ut 
other  comitiy  having  anything   similar.     It  is   also  pre 
that  in  all   mines  which   are  being  worked  every  new  ] 
work    must   l)e   surveyed,    at   the   latest,   on   the  year  i 
is  be;;iin,  and  it  is  the  mine-owner's  duty  to  forward  thei 
plementary  survoys  to  the  Office  of  Mining-Maps,  wheretil 
collection  of  plans  at  this  office  are  completely  revised  from 
to  y«ar,  and  made  exactly  like  lltose  preserved  at  the  i 
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The  principal  iucrease  of  the  producuou  of  iroD  ore  in  Sweden 
begao  in  tlie  beginoing  of  this  decade  or  in  1892,  and  the  further 
increase  of  the  production  to  the  present  amount  of  somewbal 
over  2,000,000  tons,  is  to  be  chiefly  ascribed  to  the  extensive 
mining  operations  at  the  large  ore  fields  of  GelUvare  and 
GraogeBberg. 

In  1897  there  was  mined  {Table  IV.) — 

In  OetUnn,  .    .     £23.110  Ujni  of  iron  an. 
„  Grtngeiberg,  .    653,977  ., 

ToUl,    .    .  t.276.0S7  torn  of  iroa  ore. 

Ami  thus  it  is  seen  that  these  two  ore  (ields  alone  produced  61 17 
per  cent,  of  the  total  production  of  iron  ore  in  Sweden. 

Next  in  order  with  respect  to  tlte  amount  of  ore  produced 
during  the  year  1897  come  the  Norberg  mines,  with  a  produc- 
tion of  137,897  tons  of  ore.  At  the  two  ore  fields  Dannemora 
and  Striberg,  the  production  of  ore  has  been  about  46,890  and 
85,977  tons  respectively,  and  at  four  mines,  Persberg,  Stripi, 
Skbttgrufvan,  and  Dalkarlshet^,  between  25,000  and  32,000 
tons.  In  all  other  mines,  the  production  of  ore  has  been  lees 
than  20,000  tons. 

In  regard  to  the  production  of  iron  ore  in  Sweden,  both  in 
ancient  and  modern  times,  it  is  worthy  of  notice  that  it  has 
never  been  so  great  that  it  could  be  regarded  as  too  large  in 
relation  to  the  resources  of  ore  on  which  it  was  based.  Nothing 
of  this  kind  has  hnppened  even  when  the  prices  of  ore  have 
been  high,  but  the  mining  of  iron  ore  has  always  been  rather 
moderate,  and  can  still  be  said  to  be  so.  It  is,  for  that  matter, 
easy  to  convince  oneself  of  this  by  making  an  estimate  of  the 
annual  average  depth  of  working  caused  by  each  year's  produc- 
tion of  ore,  and  which  is  made  as  implied  on  page  42,  Another 
proof  that  the  mining  of  ore  has  been  carried  on  with  modera- 
tion is  that  the  majority  of  our  iron  mines  have  not  reached 
any  considerable  liepth,  notwithstanding  that  many  of  them, 
some  of  which  contain  the  most  valuable  ore,  have  been  mined 
for  300  to  500  years  and  more.  Only  two  of  these  mines, 
Taberg    (in    Vermland)    and    Dalkarlsberg    (in    Nerike),    have 
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Table  IV. — Number  of  Mines  in  Work  and  Yearly  Average 
Production  of  Iron  Ores  1861-96  and  1891-97. 


1861-1865 
1866-1870 
1871-1875 
1876-1880 
1881-1885 
1886-1890 
1891-1895 

1891 
181»2 
18i)3 
1894 
1895 
189<J 
18f»7 


Years. 


Yearly  Average 

Camber  of 

Production  of  Iron 

Mines  in 

Ores,  1861-95  and 

Work. 

1891-97. 

Metric  Tons. 

500 

453,486 

422 

542,323 

576 

784,707 

382 

721.232 

496 

874,423 

530 

930,037 

339 

1,617,434 

346 

985,255 

353 

1,291,93:^ 

341 

1,481.487 

326 

1,926,523 

327 

1,901,971 

338 

2,038,094 

•  •  • 

,         2,086,119 
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Table  IV. — Number  of  Mines  in  Work  and  Yearly  Average 
Production  of  Iron  Ores  1861-95  and  1891-97. 


Years. 


1861-1865 
1866-1870 
1871-1875 
1876-1880 
1881-1885 
1886-1890 
1891-1895 


1891 
1892 
1893 
1894 
1895 
1896 
1897 


Number  of 

Miues  in 

Work. 


500 
422 
576 
382 
496 
530 
339 

346 
353 
341 
326 
327 

;^8 


Yearly  Average 

Production  of  Iron 

Ores,  1861-95  and 

1891-97. 

Metric  Tons. 


453,486 
542,323 
784,707 
721,232 
874,423 
930,037 
1,517,434 

985,255 
1,291,93:^ 
1,481,487 
1,926,523 
1,901,971 
2,038,094 
2,086,119 
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THE   DANGER   OF   USING  TOO   HARD 
STEEL   RAILS. 

Bt  C.  p.  SAN"DBERG,  M,TNaT.C,E. 

^VINCt  had  many  years'  experience  as  consulting  engineer  and 
rail   inspector  for  the  Swedish   State   Railways,  as  well  as  1 
most  of  the  private  lines  in   Sweden,  I  propose  to  give  a  s 
outline  of  this  experience  with  special  reference  to  the  dang( 
of  using  too  hard  steel  rails. 

DoRiTioN  OF  Iron  Rails  in  Sweden, 

The  iron  rails  used  up  to   1872  were  mostly  made  in  WbIb^'I 
but,  owing  to  their  unsoundness,  were  then  superseded  by  s 
rails.     The  superiority  of  steel  rails  was  demonstrated  after  1 
evenings'  discussion  at  the  Institution  of  Civil  Engineers  in  1 
when  I  read  my  first  paper  on  "  The  Manufacture  and  Wear  o 
Rails." 

However,  as  a  proof  that  good  iron  rails  could  also  be  made,  I 
experience  in  Sweden  may  be  mentioned,  where  the  rails  on  t 
State  lines  have  had  an  average  life  of  twenty  years,  and  a  t 
tonnage  passing  over  them  of  t«n  million  tons;  also  that  of  I 
largest  private  railway  in  Sweden,  the  Bergs lagarnes,  300  i 
long,  all  the  rails  for  which  were  made  at  the  Dowlais  ] 
worka  They  have  had  an  average  life  of  twenty  years,  and  t 
million  tons  of  traffic  have  passed  over  them,  and  during  I 
whole  time  only  half-a-dozen  Tails  have  broken.  The  Freaidei 
Mr.  £.  P.  Martin,  who  was  then  works  manager  at  the  Dowla 
Works,  should  have  the  credit  of  these  good  results  of  his  rails.  ] 


Steel  Rail  Fractures. 

A3  regards  the  duration  of   stfd  rails,  Sweden  has  not  as  ] 
ad  enough  of  experience,  as  none  have  worn  out ;  but  as  regi 
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to  1  per  cent,  the  silicon  being  up  to  01   per  cent.,  and  tte 
phosphorus  not  more  than  0076  per  cent. 


Danger  of  using  too  Hard  Steel  Kails. 

Tliete  liave  been  some  seusational  articles  published  of  late 
years,  principally  in  America,  arguing  in  favour  of  rails  with  both 
0'50  per  cent,  and  0'60  per  cent,  carbon  and  even  more,  and  this 
I  would  strongly  contest,  particularly  in  countries  with  a  cold 
climate  Itku  Sweden,  on  the  following  grounds: — (1)  That  so 
hard  a  rail,  subject  as  it  is  to  so  many  variations  in  the  manu- 
facture, will  unavoidably  bring  in  an  element  of  danger  to  rail 
fractures  in  such  a  way  as  to  make  the  rail  fly  in  many  pieces 
and  thus  without  doubt  cause  accidents;  (2)  that  the  flattening^ 
of  rail  ends  can  he  partially  overcome  by  giving  greater  bearinj 
surfaces  between  rails  and  fish-plates,  as  in  my  new  rail  section 
and  rail  joints,  as  well  as  by  avoiding  too  heavy  wheel  loads  a 
also  by  adopting  heavier  rails.  (3)  As  for  wear,  it  is  doubtful 
whether  hard  rails  stand  most  wear;  at  least  Mr.  C.  B.  Dudlef, 
chemist  to  the  Pennsylvania  Railroad,  argues  in  favour  of  i 
rails,  and  Mr.  P.  H.  Dudley  of  the  New  York  Central  advocate 
hard  ones,  even  containing  0'60  to  0*70  per  cent,  of  carbon  i 
more. 

In  any  case,  no  railway  engineer  has  a  right  to  run  any  ri| 
to  the  safety  of  his  line  by  using  too  hard  rails  that  may  fly  i 
many  pieces,  causing  accidents,  for  this  would  be  the  most  expen*' 
sive  for  the  railway,  leaving  out  the  question  of  humanity,  even 
Bhould  the  flattening  of  rail  ends  not  be  altogether  preveutald^ 
with  a  medium  hard  rail  steel- 
Experiments  having  been  made  with  a  few  casts  on  this  eX' 
cessive  hardness  of  carbon,  i.e.  0-60  per  cent,  in  80-lb.  rails,  it  i 
found  that  they  flew  in  many  pieces  with  less  than  half  of  tba 
specified  tup  test  for  safety  (Plate  IV.),  while  those  with  045  j 
cent  carbon  stood  one  ton  falling  20  feet.  To  make  0'60  j 
cent,  carbon  rails  to  stand  the  tup  test,  every  other  element  murt 
be  brought  down  to  a  niinimum,  and  after  all  it  would  be  i 
gain  to  either  producer  or  consumer,  as  hardness  is  much  l]ett«r 
obtained  by  carbon  together  with  manganese,  and  even  silicon. 
Besides,   it   must   be    remembered   that    maiiufacturera   are   not 
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use  heavier  rails,  of  a  safe  degree  of  hardDesa,  and  thus  econoua 
in  both  sleepers  and  cost  of  luainteuauce,  and  not  be  led  a 
by  sensatiooal  articles  in  tiding  to  run  up  to  extreme  1: 
to  make  up  for  the  deficieDcy  in  the  present  too  light  wn 
of  rail  section,  thereby  risking  accideata. 

I  have  at  least  followed  a  safe  practice  for  both  the  Sw© 
State  aud  private  lines,  atid  also  for  other  parts  of  the  world,  H 
such  results  that  I  have  not  yet  had  any  rails  flying  in  i 
pieces  or  cuusiu^'  derailments,  and  the  economical  wearing  r( 
have  also  been  very  satisfactory. 

Although  I  am  quite  open  to  conviction  and  ready  to  move 
with  the  times,  I  have  thought  this  opportunity  of  the  Iron  a 
Steel  Institute's  meeting  in  my  native  land  too  precious  to  1 
pass  without  having  the  benefit  of  a  discussion  and  the  resultv^ 
your  valuable  experience  on  this  question,  which  is  most  imp( 
for  Sweden  as  well  as  for  other  countries. 

As  I  take  it  that  the  object  of  tlie  Institute's  visits  to  foi 
countries  should  be  to  exchange  information,  Sweden,  I  think,! 
able  to  offer  in  exchange  for  the  above  information  demanded  f 
the  danger  of  using  too  hard  steel  rails,  some  veiy  interests 
facts  on  light  railways — all  the  more  valuable  since  such  l 
now  been  allowed  to  be  introduced  in  England,  where  more  tbl 
one  thousand  miles  are  now  autiiorised  to  be  built,  and  the  £ 
has  just  been  started. 


Light  Railways  in  Sweden. 

With  the  building  of  these  light  railways  in  Sweden  I  ] 
been  connected,  as  far  as  the  rails  are  concerned,  sines  ; 
commencement,  and  I  have,  during  these  thirty  years,  constaid 
published  in  the  English  press — principally  in  Ej 
what  has  been  going  on  iu  Sweden,  and  it  is  only  ita 
distance  from  England  that  can  explain  why  so  little  good  I 
resulted  from  these  representations ;  but  now  that  you  t 
although  not  specially  railway  engineers,  I  would 
recommend  you  to  study  the  light  railways  of  Sweden,  nob  a 
from  the  map  accompanying  this  paper,  hut  also  in  reality, 
is  nothing  that  Swedeu  has  to  he  so  proud  of  as  the  developm 
in  the  last  forty  years  of  its  railway  system.     Tlie  State  laid  I 
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port  for  the  new  mineral  line  to  be  built  from  Gellivare  to  Ofoten, 
and  it  is  to  be  hoped  that  the  private  railways  will  follow  the 
example  of  increasing  their  rail  weights  generally  in  proportion 
to  their  requirements,  in  order  to  save  maintenance  and  obtain 
cheaper  transport 

Conclusion. 

From  the  facts  brought  forward  in  this  paper  it  follows  that 
we,  in  Sweden,  with  our  severe  climate,  should  certainly  not  try 
to  remedy  the  deficiency  in  weight  of  rails  used  at  the  original 
construction  of  our  railways  by  now  resorting  to  a  dangerous 
hardness  of  rail  steel  retaining  the  same  section,  but  rather 
adopt  a  heavier  weight  of  rail  of  moderate  hardness,  and  consider 
safety  before  alL 
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inability   to  meet  them  in   Sweden,  along  with  my  best  wiaht 
for  a  happy  and  prosperous  visit." 

Dr.  Akerman  said,  as  he  still  kept  to  the  position  he  ofRciallT 
had  taken  already  in  1884,  that  tiie  tup  test  was  the  luost  iIDpo^  i 
tant  for  rails,  they  could  easily  see  that  he  ao  far  agreed  wiii 
Mr.  Sandberg ;  and  he  thonglit  that  if  only  the  tup  test  was  used 
in  a  proper  way  there  was  no  danger  in  making  the  rails  ae  bsrd 
as  the  proof  would  admit.  As  far  as  he  could  see,  the  hard- 
nesa  would  then  just  answer  to  what  Mr.  Sandberg  was  no» 
advocating. 


Mr.  Robert  W.  Hcnt  (Chicago)  said,  the  President  having 
known  htm  so  long  and  ao  well,  he  could  appreciate  with  what 
great  hesitation  he  ventured  to  address  the  Institute,  and  particu- 
larly upon  any  subject  connected  with  steel  rails,  or,  in  fact,  any 
product  of  the  Bessemer  converter.  If  he  should  have  hesitated 
to  have  done  this  in  England,  liow  much  more  should  he  do  so 
in  Sweden — the  country  iti  which  the  Bessemer  process  was  first 
made  practical,  where  thi;  name  of  Bessemer,  however  much, 
and  it  was  ever  highly  honoured,  always  recalled  the  name  of 
Ouransson.  In  relation  to  what  might  have  been  designated  as 
the  higher  grades  of  Bessemer  steel,  they  had  all  ot  them,  and 
always,  speakmg  for  the  metallurgists  of  America,  felt  that  they 
must  sit  as  pupils  at  the  feet  of  the  Swedish  masters,  and  he 
thought  he  might  venture  to  make  the  statement  for  their 
English  friends.  Of  course,  he  did  not  refer  in  any  way  to  the 
Swedish  Bessemer  steel  ingots  or  billets  which  had  crossed  I 
water,  and  later,  iu  some  mysterious  way,  had  become  the  higl 
grade  of  Sheffield  crucible  tool  steel ;  hut  he  did  n 
thanks  to  pure  ores,  pure  fuel,  patient  industry,  and  great  inte 
gence,  the  Swedish  metallurgists  had  gone  far  beyond  i 
them  in  the  results  obtained  from  the  Bessemer  process. 

When  it  came  to  the  question  of  quantity  and  cheapneB 
production,  they  of  America,  disregarding  or  rising  above  t 
well-known  national  modesty,  must  claim  some  recognition. 
was  with  hesitancy  that  he  ventured  to  discuss  his  ■ 
friend  Mr.  Sandberg's  paper.  He  did  not  presume  to  do  s 
far  as  it  applied   to  rails  for  use  on  Swedish  railroads. 
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territory  as  possible  at  the  least  expeuse.  There  too  the  first 
rails  were  til'  irou^ — in  faot,  no  others  were  known.  The  rolling 
atock  was  light,  and  the  speed,  judged  by  modern  ideas,  verj 
moderate.  Even  under  such  conditions  the  couatantly  increasing 
demands  of  traffic  brought  unprofitable  failure  of  the  best  of 
iron  rails.  Tiie  Bessemer  invention  came  as  the  saviour  of  the 
situation.  How  oiten  had  history  repeated  itself  on  this  line. 
As  the  forests  of  England  failed,  mineral  fuel  was  discovered. 
As  the  end  of  that  could  be  calculated  or  predicted,  not  onlj 
in  that,  but  other  countries,  once  more  water  power  promised  lo 
play  its  part  in  supplying  power  by  electricity,  and  thus  con- 
serving fuel.  At  all  events,  it  would  aeem  that  without  such 
an  invention  as  the  Bessemer  steel  rail  the  material  progress  o( 
the  last  thirty-five  years  would  have  been  impossible. 

They  all  knew  that  the  primary  superiority  of  the  steel  over 
the  iron  rail  was  from  its  homogeneity ;  that  abrasion,  rather 
than  disruption,  caused  end  of  service.  Now,  they  also  knew 
that  work,  either  by  liammering  or  rolling,  given  to  steel  at  high 
temperatures  did  not  cause  much  change  in  its  crystallisation, 
but  that  as  the  tempeiature  decreased  so  did  the  effect  of  the 
applied  work  increase.  The  early  steel  rails  were  of  light  sectious, 
and  rolled  from  comparatively  heavy  ingots.  Those  ingots  were 
most  carefully  heated,  all  the  conditions  incident  to  the  treat- 
ment of  tool  steel  governing  the  operation.  At  a  comparatively 
low  temperature  tlie  ingots  were  reduced  to  blooms,  they  were 
allowed  to  cool,  carefully  examined  for  flaws,  which  if  discovered 
were  chipped  out;  the  blooms  then  heated  with  care,  and  rolled 
by  comparatively  many  passes  into  rails  of  light  sections,  and 
the  resulting  rails  were  of  close  or  fine  grain  or  structure.  Now, 
these  practically  homogeneous  rails  replaced  the  built-up  or  lami- 
nated iron  ones,  and,  of  course,  the  comparative  difference  in 
resulting  wear  was  most  striking.  The  more  lasting  and  better 
track  led  to  the  increase  of  speed,  then  additional  wheel  tonnage, 
&e.,  &c,  until  these  in  their  turn  demanded  a  better  roadway,  and 
BO  on  until  they  had  reached  present  conditions.  In  America, 
at  least,  these  conditioni  required  heavier  rails,  and  at  a  price 
which,  if  demanded  from  the  "  fathers,"  would  have  been  treated 
as  preposterous  and  never  to  be.  But  the  conditions  existed  and 
must  be  met 
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might  be  from  0'30  to  0*50  per  cent.,  the  controlliu 
least  the  weatera  ayatem,  for  whom  he  iuspected  their  rails, 
desired  that  their  85-lb.  rails  should  be  as  near  O'oO  per  cent, 
carbou  as  they  could  induce  the  makers  to  give  under  the  liberal 
latitude  of  the  speciQcation.  He  had  heard  more  than  one  pru- 
minent  American  railway  official  claim  tliat  liie  theory  of  soft  i 
rails  coming  from  so  widely  recognised  an  authority  as  a  pro-' 
miaent  officer  of  the  Pennsylvania  Railroad  Company  had  co€ 
the  railroads  of  the  United  States  hundreds  of  thousands  c 
dollars  throu<,'h  their  undue  wear.  In  fact,  lie  might  state  mog 
confidently  that  in  the  States  the  C.  B,  Dudley  theory  bad  bea 
rejected  for  a  number  of  years. 

Under  what  are  known  as  the  New  York  Central  Hailroadl 
speeiii cations,  aud  which  were  prepared  by  Mr.  ['.  H.  Dudley,  i 
stated  by  Mr.  Sandber^^,  high  carbon  percentages  were  given.  Bk 
in  America,  owing  to  the  vast  area  of  territory  and  varying  g 
logical  coDditloNs,  the  commercial  side  of  the  question  could  na 
be  absolutely  ignored ;  therefore  that  which  might  be  in  eve^ 
sense  available  for  the  New  York  Central  Railroad  would  \ 
practically  impossible  for,  say.  the  Northern  Pacific  system.  I 
other  words,  commercial  conditions  governing  the  mills  east  ( 
the  Alleghany  Mountains  did  not  apply  to  those  west  of  them. 

In  a  paper  presented  by  him  to  the  American  Institute  ( 
Mining  Engineera  in  October  1896,  he  endeavoured  to  full; 
discuss  this.  While  advocating  harder  steel  for  the  lieavii 
sectioned  rails,  he  called  attention  to  the  fact  that  as  the  weslei 
available  ores  were  higher  in  phosphorus,  it  was  not  safe  to  ( 
as  high  in  carbon  and  manganese  in  the  rail  steel  made  fron 
them  as  could  be  done  in  the  east.  Accepting  his  views,  mai 
railway  engineers  had  insisted  on  his  specifications  being  practi 
cally  followed.  Hence  lie  could  say  that  far  over  1,000,000  toi 
of  what  might  be  called  hard  steel  rails  had  been  put  down  1 
the  western  railroads. 

It  was  true  that  the  phosphorus  percentages  had  been  c<u 
trolled,  but  still  that  elemeut  had  been  higher  than  in  eastei 
rolling  mill  practice. 

Now  he  wished  to  consider  the  eflTect  of  climate.  The  Miohige 
Central  Railroad  ran  from  BuETalo,  through  Canada  and  the  Sla 
of  Michigan,  to  Chicago.     Their  standard  rail  was  80  lbs.  p 
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respects  o(  at  least  50  per  cent.  Wlien  they  reflected  that 
during  the  same  time  the  production  of  Botre  of  the  rail  millB 
had  been  increased  from  say  25,000  to  over  40,000  tons  per 
month,  it  could  be  appreciated  that  the  mechanical  appliances 
of  the  mills  must  have  been  improved,  and  that  careful  watching 
of  the  products  had  been  necessary. 

The  Louisville  and  Nashville  and  the  Northern  Pacific  sy8t«ais 
had  put  down  some  experimental  rails,  made  by  the  basic  open* 
hearth   process,  in  which  the   phosphorus   was   limited   to   O*0& 
per  cent,  and  the  carbon  made  high,  the  Northern  Paci6c  rails 
being  up  to  070   per  cent.      So   far  the  rails  had  done   well. 
Indeed,  based  on   this   experience,  the   Louisville  and   Nashville 
Company  joined  in   underwriting  the  securities  of  an   Alabama  J 
company  to  enable  them  to  construct  a  large  basic  open-hear^  I 
plant   with   a  rail  mill  attached.       He  was   convinced    that  in  1 
America  the  time  was  near  at  hand  when  the  Bessemer  procefli>J 
would  have  a  formidable  competitor  in  basic  open-hearth  in   nQ  1 
production  as  well  as  in  other  lioea.  « 

He  wished  to  trespass  on  their  patience  a  little  longer  to  cgH 
the  attention  of  the  Institute  to  a  departure  in  steel  rail  matM^f 
which  promised  to  play  a  somewhat  important  part,  at  least  i^| 
America.  He  referred  to  the  M'Kenna  process  for  renewinH 
steel  rails.  Their  President  and  Past-President,  Mr.  E.  Wiada^H 
Bichards,  had  an  opportunity  of  seeing  something  of  this  whfl^| 
they  were  last  in  the  States.  Last  year  the  M'Kenna  Cod^| 
pany  treated  some  30,000  toas  of  rails  in  their  mill  at  JoIiejH 
Illinois.  This  year  they  had  started  an  additional  mill  ^M 
Kansas  City,  Kansas.  So  far  the  treated  rails  showed  very  welll 
indeed,  and  he  iirmly  l.>e!iev«d  the  day  would  come  when  tb»l 
originally  purchased  section  would  be  determined  upon  with  the  I 
view  of  having  the  rail  renewed  at  leaat  twice,  and  perhspttl 
three  times — that  was,  after  a  100-lb.  rail  bad  given  its  first  1 
service  it  would  be  renewed  as  a  05-lb,  one,  then  as  a  !)0-lb^l 
and  then  85  lbs.  per  yard,  and  each  time  the  quality  ot  the  rad.l 
would  have  been  improved.  I 

Mr.  E.  Windsor  Richards,  Paat- President,  said  that  they  ^H 
knew  Mr.  Sandberg's  great  experience  in  the  inspection  of  staJB 
rails,  and  how  very  careful  an  engineer  he  was ;  and  he  mi£|^| 
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San(Iber<j  wlietlier  he  considered  that  sufficient  attention  was  paid 
to  the  teuperature  at  which  rails  were  rolled  and  to  their  subse- 
quent treatment,  more  especially  as  regards  the  rate  at  which  they 
were  allowed  to  cool.  It  was  the  alteration  of  the  surfaces  of 
the  rails  which  appeared  to  the  Committee  to  he  of  very  great 
importance  as  a  determining  cause  of  fracture. 


Mr.  G.  J.  Snelus,  Vice-President,  said  he  should  like  to  add 
his  testimony  to  what  had  been  said  by  Mr.  Sandher^  as  to  the 
advisability  of  not  putting  too  much  carbon  into  the  steel  rail 
He  had  always  considered  that  the  medium  course  was  best  in 
these  things,  and  his  experience  as  a  chemist  and  uianufactarst 
of  steel  rails  over  a  long  aeries  of  years  convinced  him  that  it  j 
waa  far  safer  and  more  ecouomical  to  use  a  medium   hard  rail  1 
than   it   was  to  go  tor  a  very  hij,'h  carbon  rail  or  a  very  lowl 
carbon  one.      He  quite  agreed  with  their  American  friend,  Mr.  J 
Hunt,  that  they  might  have  a  high   carbon   in   steel,  and  pei^  I 
hapa    ninety -nine    rails    out    of   a    hundred    would    be    fair^J 
satisfactory ;   hut  if  they  exceeded  0'5  per  cent,  of  carbon,  anfl 
they  had  happened  to  get,  say,  0*2   per  cent,  of  silicon,  wbidH 
waa   quite    within   the   bounds  of   possibility,   they  might   rel^l 
upon  it  that  they  would  find  a  very  brittle  rail.      All   the  tup 
testa    that  he  had   seen  had   proved   that.     He   had  for  many 
years  followed  the  tup  test  by  the  chemical  examination,  and 
he  had  invariably  found  that   where  a  rail  broke  under  the  tup 
test,  if  the  carbon  was   fairly  high,   the  silicon  was  high,  and 
really  the  cause  of  the  fracture.      It  they  could  always  be  auie 
of  keeping  the  silicon   low,  they  might  go  for  the  hard  carbon  . 
rail.     But  there  came  in  the  difficulty  that  it  was  not  absolutely  1 
possible  always  to  be  sure  that  the  silicon  did  not  get  too  hi^J 
to  add  to  the  hardening  eHect  of  the  carbon  and  produce  brittla 
ness.     Therefore   he   thought  Mr.   Saudberg  was  quite  right  i 
advising  them  to  keep  within   moderate  limits  in  the  amount  a 
carbon  they  put  into  the  steel.      AUhongh  some  advantage  might '^ 
be  gained  in  the  wearing  power  of  the  harder  steel  rail,  he  waa  1 
quite  sure  that  in  the  end  it  was  counterbalanced  by  other  draW'<  i 
backs. 

With  regard  to  Sir  Lowthian  Bell's  remark  that  the  fractans.] 
of  heavy  steel  rails  were  as  frequent  as  those  of  lighter  ate 
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heavier  rails  they  bad  not  iacreaaed  to  the  eztent  they  ought 
to  do,  iu  his  opinion,  the  size  of  tlje  ingot  in  proportion  to  thi 
section  of  the  rail  rolled.  Some  people  were  using  to-^aj  Eu 
a  40-lb.  rail  the  same  section  of  ingot  that  they  would  roll  | 
100-lb.  or  a  120-lb.  rail  from.  He  thought  that  that  should  I 
altered. 

Mr.  RoBBHT  W.  Hunt  (Chicago")  said,  with  reference  to  1 
remarks  of  the  President  and  Mr.  Windsor  Kichards,  they  mi 
remember  that  in  America  they  had  ingots  22  inches  square  fn 
their  rail  practice ;  and  surely  they  appreciated  that  if  they  ( 
tured  a  bloom  rolled  from  that  22-inch  iugot,  say  nine  inci 
square,  they  would  find  that  its  structure  was  uo  closer  than  thi 
same  sized  bloom  rolled  from  a  15  square-inch  ingot  Hti 
experience  as  a  steel-worker  was  that  the  working  of  steel  i 
high  temperature  changed  its  structure  to  but  a  limited  extent 
and  that  a  large  ingot  must  be  at  a  veiy  hi^h  heat  internally; 
if  not  externally,  when  rolled  directly  to  a  large  sectioned  raili 
He  was  satisfied  that  a  bloom  at  10,  9,  or  even  8  inches  squai 
from  a  large  ingot,  was  no  closer  grained  than  the  old  blooms 
of  6  inches  square  made  from  a  12-inch  ingot  designed  to  produe* 
one  rail,  or  even  two  rails,  weighing  from  5C  lbs.  to  60  lbs. 
yard. 

He  wanted  to  say  one  thing  with  regard  to  ailicon. 
strongly  advocated  a  comparatively  lat^e  percentage  of  silicod 
in  rail  steel ;  but  he  wanted  it  added  after  the  original  sihooB 
in  the  metal  had  been  eliminated.  The  ingot  was  nothing  but  I 
steel  casting.  Therefore  the  practice  was  to  add  the  silicon  t 
prevent  blowholes  and  have  a  solid  ingot.  In  America, 
running  direct,  and  at  hi;;h  speed,  they  were  enabled  to  use  ii 
very  much  lower  in  silicon  than  was  possible  iu  earlier  practice 
Hence  it  was  easier  to  eliminate  that  element.  He  wanted  t 
add,  certainly,  from  one  to  two  tenths  per  cent.,  but  he  did  nvi 
want  it  left  in,  but  added  in  the  same  way  as  the  recarboniser. 

It  was  quite  right  that  great  cure  should  be  exercised  in  I 
physical  treatment  of  the  heavy  sectioned  rail;  in  other  word^ 
as  little  work  as  possible  should   be  given  that  rail  under  I' 
cold  press;  and  he  was  quiti!  surprised  that  in   England  thq 
paid  so  Httle  attention  to  tlie  hot  straightening  of  their  i 
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to  accord  with  the  conclusions  of  the  Board  of  Trade  Committee, 
they  would  know  probably  more  and  be  better  satisfied  as  to  the 
actual  conditions  under  which  steel  rails  should  be  passed  intij 
service  than  they  had  hitherto  been.  But  if  Mr.  Sandber^'s 
conclusions  should  happen  to  be  opposed  to  those  of  the  Board 
of  Trade  Committee,  he  was  afraid  they  would  not  be  likely  to 
get  any  further  forward. 

Mr.  Hunt  had  referred  to  the  great  variations  that  had 
occurred  in  rails  manufactured  some  years  ago  for  American 
railways.  He  was  reminded  by  what  Mr.  Hunt  had  just  said, 
that  Mr.  Potter,  of  the  Hlinois  Steel  Company,  had  described 
a  lot  of  rails  that  they  had  analysed  some  years  ago.  where 
the  silicon,  phosphorus,  and  carbon  were  about  equal  at  0'17  per 
cent  Of  course,  as  Mr.  Potter  remarked  at  the  time,  no  inspect- 
ing engineer  would  pass  sucli  a  rail  at  the  preaeut  time.  These 
particular  rails  had  been  in  service  for  fifteen  years,  and  were 
sent  to  Che  Illinois  works  for  the  purpose  of  being  trimmed  up, 
with  the  view  of  serving  for  perhaps  other  fifteen  years.  This 
was  a.  clear  proof  of  the  wide  range  of  difference  that  waa 
possible  in  steel  rail  composition  without  serious  danger. 

The  pRESiitENT  said,  with  regard  to  the  question  put  by  Mr. 
Jeans  as  to  what  the  Committee  on  Steel  Eails  were  doing,  he 
might  say  that  a  large  amount  of  material  had  been  collated, 
but  as  yet  the  members  of  the  Committee  were  not  in  a  position 
to  make  the  matter  public. 

Professor  J.  0.  Arnold  said,  as  representing  Sheffield  in  i 
aemi-oflicial  manner,  lie  roae  with  considerable  diffidence  to 
speak  as  to  the  practice  alleged  by  Captain  Hunt  to  prevail  in 
Sheffield  as  to  purchasing  Swedish  Bessemer  and  sending  it 
across  the  Atlantic  as  crucible  cast  steel.  If  such  allegation 
were  true,  it  seemed  to  him  that  American  buyers  were  either 
very  foolish  or  very  untechnical,  and  that  the  remedy  was  in 
their  own  hands,  because  tliey  could  buy  the  Bessemer  steel 
direct  from  Sweden.  Experts  should  have  little  difficulty  in 
identifying  genuine  crucible  cast  steel. 

He  had  read  Mr.  Snndberg'a  paper,  and  he  strongly  supported 
his  views  as  to  chemical  composition — firstly,  as  one  who  had 
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about  0-3  per  cent.  If  they  annealed  that  steel,  they  destroyed 
the  continuity  of  those  lines  and  "  balled  them  up "  into  little 
nodules,  so  removiu^'  to  a  large  extent  the  cause  of  extreme 
brittle ness  in  steel  castings. 

Then  as  to  the  manganese  which  had  been  touched  upou  in  the 
paper.      He  believed  iu  the  proportion  of  manganese  advocated  by 
Mr.  Sandberg  for  the  reason  that  in  all  the  fairly  high  tuanganeee 
steels  which  he  had  examined  he  had  never  yet  found  any  of  that 
meahwork  of  snlpho-silicide  of  iron.      With  about  1  per  cent,  of 
manganese  present  the  sulphur  was  all  "  balled  up  "   in   small 
nodules,  probably  owing   to  the  greater  fusibility  of   the   ma 
gauese  sulphide.      That  he  could  only  provisionally  speak  of 
present.      They    were   not   sure   about   the   exact   micrograpl 
details,  but   as   the   mechanical    effect   it   undoubtedly   exist) 
fn  the  case  of  railway  material  its  failure  iu  the  one  hum 
thousandth   case  was  that  against  which   the  engineer  had 
guard,      They  miglit  get  a  very  large  percentage  of  high  carta 
railfl  to  stand,  but  still  there  was  a  much  greater   liability 
fracture  with  them.      There   was  no  doubt  whatever   about 
that  steel   with  0'35  to  0'4&  of  carbon  was    Tar   less   liable  I 
fracture  under  the  influence  of  sudden  vibratory  shocks  than 
rail  containing  0'6  per  cent,  of  carbon.     Any  one  who  had  mai 
a  long  aeries  of  drop  tests  would  know  that. 

Professor  H.  M.  Howe  considered  that  certainly  we  mn 
avoid  too  great  hurdness ;  but  what  hardness  was  "  too  great' 
The  question  before  the  meeting  seemed  to  him  purely  one  t 
reasonableness.  On  one  hand,  as  carbon  was  lessened  the  safety 
of  the  rail  was  increased,  but  its  life  shortened.  Kails 
O'lO  per  cent,  of  carbon  would  certainly  lie  less  liable  i 
break  than  those  ol'  035  per  cent.,  exactly  as  the  latter  are  i 
turn  less  liable  to  break  than  those  with  0-50  per  cenL  i 
carbon.  If  the  0-50  per  cent,  carbon  rail  were  disniisscl  simpi 
because  it  was,  though  more  enduring,  less  sate  than  the  0*3 
per  cent,  carbon  rail,  by  parity  of  reasoning  the  latter  shon] 
be  rejected,  because,  though  more  enduring,  it  was  less  safe  t 
the  010  imr  cent,  carbon  mil — an  evidently  absurd  conclusiolli 
Tlie  ai)eakur  believed  that  we  have  to  learn,  not  by  mottoa 
however   wise,,  but   by  experience,  and   experience   alone,  ] 
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Buffico.  So,  too,  cast  iron  was  once  good  enough  for  rails,  then 
wrought  iruD,  dow  soft  steel.  But  he  did  not  believe  that 
progress  had  ended,  but  that  there  would  be  further  evolution, 
and  that  we  sliould  have  more  enduring  rails.  What  the  path  of 
progress  would  be,  of  course,  no  one  could  predict.  The  Bessemer 
converter  might  be  discarded,  and  the  basic  open-hearth  furnace 
be  used,  both  because  it  led  to  lower  phosphorus,  and  because, 
aa  usually  worked,  it  led  to  better  quality  even  for  like  com- 
position. Heat  treatment  might  come,  not  this  year  nor  ueit, 
but  eventually  ;  for  he  could  see  no  reason  why  a  wiser  manage- 
ment of  the  heat  remaining  in  the  rail  as  it  left  the  finisliing 
pass  need  be  expensive.  WitL,  or  perhaps  before,  other  improve- 
ments might  come  greater  hardness,  if,  as  might  reasonably  be 
supposed,  that  would  give  greater  endurance ;  but  with  greater 
hardness  there  would  come  greater  purity,  and  greater  care  in 
manufacture,  in  making,  casting,  rolling,  and  treating.  He 
considered  the  Swedish  lesson  that  prevented  crude  methods 
admitted  of  great  improvement  in  several   directions. 

Mr.  HARBORDsaid  that,judging  from  their  experience  at  Cooper's 
Hill,  they  found  that  rails  with  0'35  per  cent  to  0'45  per  cent,  of 
carbon  were  Siifer  and  gave  better  all-round  results  than  higher 
carbon  rails.  There  could  be  no  doubt  that  the  lower  the  carbon 
the  safer  the  rail,  but,  as  Professor  Howe  had  pointed  out,  this 
was  simply  equivalent  to  saying  that  Q-lOO  jier  cent,  carbon  steel 
was  less  brittle  than  0-50  per  cent,  carbon  steel,  and  it  was 
necessary  to  make  rails  of  a  material  possessing  sufficient  hard- 
ness to  resist  too  rapid  wear.  What  was  required  was  a  material 
combining  considerable  ductility  with  hardness ;  and  although 
opinions  differed  as  to  the  composition  which  would  give  the 
maximum  of  hardness  with  minimum  of  brittlenesa,  sutficieut  data 
had  been  collected  to  enable  a  fairly  general  agreement  to  be  come 
to  as  to  what  should  be  considered  a  dangerous  composition  for 
rails.  He  was  somewhat  surprised  that  Mr.  Sandberg  should 
advocate  the  discarding  altogether  of  chemical  analysis  by  engi- 
neers, and  the  relying  alone  upon  the  tup  test  That  the  tap 
test  was  tiie  right  mechanical  test  for  rails  there  were  probably 
not  two  opinions  ;  but  an  insistence  on  low  phosphorus,  aulphur, 
&C.,  was  of  equal  importance  ;  and  both  in  the  interest  of  tbe 
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meeting  the  results  obtaineil  by  an  experience  of  more  than  thiitj 
years  about  the  wear  of  rails  in  Belgium.  The  following  wem 
the  test  cDDditioDs  of  the  State  and  tlie  Grand  Central  Railway. 
First,  let  them  take  the  State  Railways.  There  they  had  two 
aizea,  one  of  76  lbs.,  with  a  tup  test  of  600  kilogranimea  falling 
from  a  height  of  4  metres;  the  other  a  lO-t-lbs.  Goliath,  with 
a  test  of  1000  kilogrammes  falling  from  a  height  of  6  metres. 
The  steel  for  both  has  a  tensile  strength  of  60  to  70  kilogrammes 
per  square  millimetre,  with  13  per  cent,  elongation.  With  their 
Bilbao  ore  this  corresponded  to  a  steel  of  0'35  per  cent,  carbon- 
As  to  the  Grand  Central,  the  rail  was  a  7S'lbs.  rail,  with  a  top 
test  of  500  kilogrammes  falling  4  metres ;  tensile  strength.  60 
kilogrammes  minimum;  donation,  13  per  cent,  minimum;  that 
was  practically  tlie  same  steel  as  for  the  State  Railways — viz., 
0'35  per  cent,  carbon. 

Then  the  conditions  of  wear  on  the  State  Railways  were  a; 
follows :  The  maximum  wear  of  the  rails  must  not  exceed  7  milli- 
metres  after  five  years  of  heavy  traffic.  If  more  than  2  per  ceiit 
of  the  rails  were  worn  7  millimetres,  all  the  lot  umier  guarantee 
were  subject  to  a  penalty  of  50  per  cent,  of  its  value  to  be  paid  bj 
the  maker  to  the  State,  His  firm,  the  Societi5  Cockerill,  at  Serainj:, 
had  8189  Goliath  rails  carefully  inspected  after  twelve  years'  goai- 
antee,  and  the  result  had  been  an  average  wear  of  1^  millimetre. 
There  was  not  a  single  rail  broken  in  two.  Further,  on  330,000 
rails,  or  1 30,000  tons  of  Goliath  rails,  only  a  few  had  been  lakeu 
out  during  that  period  on  account  of  the  split  ends  correspond- 
ing probably  to  the  tops  of  the  ingots.  The  first  of  these  twelve 
years  had  given  the  following  result — replaced,  Ofll  per  cent; 
and  the  average  during  the  twelve  years  did  not  reach  O-OOl  per 
cent,  replaced  per  annum. 

Then  as  to  the  Grand  Central,  since  1865  they  had  employed 
for  wear  and  renewal  of  their  lines  118,860  tons  of  iron  and  steel 
rails.  Amongst  these,  90'6  per  cent,  of  iron  rails  had  been 
replaced  ;  and  in  this  period  of  thirty-two  years  only  2-67  of  steel 
rails  had  been  worn  out  or  broken.  This  showed  that  the  steel 
rails  had  a  duration  thirty  times  as  long  as  the  iron  rails. 
According  to  his  calculations  the  Grand  Central  had  an  average 
on  twenty-five  years'  exptrieuce  of  not  more  than  0-003  per  cent 
worn-out   rails   per  annum.      Then   taking   the   figures   in  Mr. 
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carbon,  and  many  eminent  authorities  had  given  that  as  the  main 
reason  for  the  rail  breaking  into  so  many  pieces. 

Dealing  with  thio'ifs  as  they  were,  it  was  well  known  that 
regularity  and  perfection  could  not  be  obtained,  and  therefore  it 
was  the  best  policy  to  guard  against  accidents  by  extra  atrenglh. 
In  1890  he  read  a  paper  in  Sheffield  before  the  Institution  of 
Mechanical  Engineers,  "Steel  Kails  considered  Chemically  and 
Mechanically,"  when  the  question  of  silicon  was  discussed.  His 
desire  then  was  to  have  solid  ingots  free  from  blowholes  or 
pipes.  He  was  supported  by  many  of  the  makers,  and  he  had 
extensive  experiments  made  with  steel  containing  a  large  quantity 
of  silicon,  and  the  result  was  that  while  it  was  proved  to  be  ex- 
cellent for  small  ingots  (one  for  each  rail),  the  larger  iugota  of 
one  ton  or  one  and  a  half  tons  showed  that  the  shrinkage  in  cool- 
ing of  the  silicon  steel  when  it  came  up  to  a  high  percentage 
was  so  much  greater  than  with  carbon  bard  steel,  that  the  danj^r 
of  hollow  ingots  was  very  much  increased. 

For  Sweden  they  had  had  some  6000  tons  of  rails  in  which  there 
was  0'2  per  cent,  of  silicon  and  about  a  quarter  per  cent,  carbon. 
These  had  been  made  from  single  ingots,  and  had  been  down  on  the 
line  ten  years,  showing  excellent  results  from  this  composition,  ae 
not  one  of  them  had  yet  brok«n  and  none  split  from  pipy  ingots. 

Mr.  Sandbei^,  after  the  meeting,  sent  the  following  communi- 
cation :- — 

In  reply  to  Sir  Lowthian  Bell's  communication  through  Sir 
James  Kitson,  I  am  rather  astonished  to  hear  liis  opinion  that 
fractures  are  generally  due  to  mechanical  causes  rather  1 
chemical,  as,  whenever  I  investigate  the  causes  of  rail  fractut 
in  nine  cases  out  of  ten  I  find  that  chemical  composition  i 
fault.  With  regard  to  a  heavy  rail  breaking  as  much  as  the  li 
one,  it  stands  to  reason  tliat  a  crack  once  present  will  develo 
independently  of  the  weight  of  rail  (as  Sir  William  Siemens  e 
plained  in  the  discussion  on  the  paper  on  basic  steel  read  I: 
Sidney  Thomas  at  the  Society  of  Arts),  but  in  the  heavier  i 
the  crack  develops  more  slowly,  as  it  is  subject  to  less  vibratiu 
and  deflection. 

1  may  here  refer  to  the  plate  of  rail  fractures,  and  the  O-© 
carbon  rails  which  broke  into  many  pieces  at  half  the  usnal  tiU 
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be  made  up  by  chemical  means  or  the  addition  of  carboii.  This 
of  course  is  so,  aud  I  have  always  allowed  a  chemically  hardd 
rail  for  heavy  sections  than  for  li^ht  ones.  He  ofteo  quotes 
hard  rails  without  giving  the  percentage  of  carbon  or  the 
chemical  composition. 

He  seems  to  acknowledge  the  hardening  effect  of  cold  rolling. 
In  America,  the  rails  leave  the  rolls  at  a  much  higher  temperature 
than  they  do  in  Eii;;land  owing  to  their  faster  running  mills 
compared  with  the  English,  and  they  must  obtain  the  fine-grained 
steel  more  by  chemical  means  than  in  England.  Id  other  words, 
they  must  make  up  for  their  less  physically  hard  steel  by  chemical 
hardness,  and  arrange  the  carbon  according  to  the  phosplionu 
present  in  different  parts  of  their  great  country. 

There  is  no  reason  why  jjood  rails,  both  for  safety  and  wear, 
should  not  be  obtained  in  both  counCries ;  but  it  is  a  mistake  for 
one  country  to  try  to  adopt  part  of  another's  practice  when  the 
conditions  are  different.  For  instance,  it  would  be  absurd  to  try 
to  introduce  in  England  with  its  greater  physical  hardness  of 
rails  the  high  carbon  found  possible  in  America,  or  as  I  have 
long  argued,  no  standard  fixed  composition  can  be  given  for  all 
countries.  It  is  high  time,  after  these  years  of  discussion,  that 
all  this  talk  about  a  standard  composition  were  finished,  and  let 
us  give  up  the  ambition  of  each  country  or  engineer  trying  to 
prove  his  composition  the  sole  right  one. 

Kei^arding  the  sensational  articles  which  Mr.  Hunt  stated  to 
be  true,  I  did  not  mean  that  they  were  untrue,  but  that  they 
caused  a  sensation  in  Europe  among  responsible  engineers,  who 
were  not  metallut^ista,  and  who  jumped  to  the  conclusion  thai 
the  same  composition  was  advisable  in  Europe  for  the  sake  of 
economy,  thereby  endangering  safety. 

The  same  also  applies  to  congresses  and  meetings  in  general 
where  striking  facts  are  first  mentioned,  but  only  part  of  the 
conditions  under  which  they  have  been  obtained  are  given.  As 
an  exampli.',  inkd  the  case  of  Sweden,  where  there  was  an  inten- 
tion to  imitate  the  American  carbon  with  the  English  conditioDs 
of  niaimfncture,  which  I  opposed  on  the  ground  of  safety  and 
sugneatt'd  that  ii  trial  Ive  made  first.  The  result  is  shown  in  the 
pliiti!  of  rail  fractures,  and  the  idea  was  given  up  ;  and  as  before, 
Jie  tup  was  left  to  decide  the  masimum  amount  of  carbon  to  b« 
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instance,  from  several  slight  causes  combined,  a  fracture  may 
occur  wliicli  will  cost  more  than  any  saving  aimed  at.  As  for 
his  explanation  of  fracture,  when  a  flaw  once  exists  in  a  heavy 
rail,  it  ia  quite  to  the  point.  As  to  the  President's  statement 
about  the  low  silicon  in  American  pig  iron  used  for  rail  steel,  I 
think  it  is  a  great  advantage,  and  I  wisii  the  same  could  be  intro- 
dnced  into  England  in  order  to  obtain  greater  regularity  of  heal 
in  the  blow  and  silicon  in  the  rail. 

I  agree  with  Mr.  Hunt  that  starting  with  a  22-inch  square 
or  15-inch  squnre  ingot  does  not  affect  the  j;rain  of  the  rail. 

I  am  jilad  that  Prolesaor  Arnold,  from  his  micrographic  atudie^l 
agrees  with  my  theories  both  as  regards  carbon  and   manganea 
and  we  shall  look  forward  with  great  interest  to  the  prom 
contribution  on  high  silicon  st;eel. 

In  answer  to  Professor  Howe's  questions  what  is  too  hai 
rail  and  what  is  too  high  a  carbon.     Too  liard  a  rail  is  one  tl^ 
breaks,  particularly  into  many  pieces  on  the  road,  and  enginet 
must  take  a  surplus  of  strength  for  the  tup  test,  and  see  1 
regularity  is  obtained,  as  ooiy  a  small  proportion  can 
at  the  tup. 

With  regard  to  open-heavth  steel  replacing  Bessemer  steel,  I 
think  it  would  ensure  greater  regularity ;  but  as  to  open-beartb 
basic  steel,  it  would,  I  should  think,  take  a  great  deal  of  carbon 
to  get  the  fine  grain  desired,  and  even  then  regularity  would 
have  to  be  checked  closely. 

In  reply  to  Mr.  Jeans'  suggestion  regarding  light  railways, 
my  articlea  on  the  subject  have  been  published  from  time  to  time 
in  3n^inetrivg,  They  are  now  a  little  out  of  date,  so  I  think 
they  may  hardly  be  worth  republishing  in  the  TraTisaetiona  of 
the  Institute. 

As  I  have  already  explained,  I  do  not  hold  to  any  empirioi 
composition  of  steel  rails  for  any  country. 

My  views  upon  the  application  of  chemistry  into  rail  inspi 
tion  seem  to  have  been  entirely  misunderstood  by  Mr.  Harlxnilfl 
because  1  wish  to  discard  it   in  the  specifications,  except  photif 
phorus.     I  have  for  years  stated  and  practised,  "  Let  the  chem 
guide  the  engineer  and   explain   the  causes  of  fracture,  but  i 
dictate  chemical  compositions,"  for  with  the  exception  of  phos 
phorus,  which  I  found  absolutely  necessary  to  limit  low,  otli 
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woijld  coutinue  to  benefit  by  Mr.  Sandberg's  great  experience, 
and  begged  to  propose  a  hearty  vote  of  thanks  to  him  for  his  very 
interesting  paper. 

Unfortunately,  Mr.  Greiner*s  paper  on  the  200  horse-power 
blast-furnace  gas  engine  must  be  taken  as  read.  He  regretted 
this  very  much,  because  he  thought  it  was  one  of  the  most  im- 
portant subjects  at  present  under  consideration  of  ironmasters. 
There  was  another  paper  on  the  list,  by  the  eminent  geologist 
Mr.  H.  Lundbohm,  on  the  remarkable  deposits  in  the  Arctic 
Circle ;  but  as  the  time  was  so  short  and  Mr.  Lundbohm  was 
unable  to  be  present,  it  would  also  be  taken  as  read. 
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after  the  railway  had  been  completed  from  Lulea  to  GeUivate.  I 
the  bef,'iuninj;  of  the  nineties,  the  present  Luossavaara-Kiir 
vaara  Company,  Limited,  was  formed,  but  a  yreat  part  ( 
property  somewhat  later  was  transferred  to  the  Gellivare  i 
Company,  Limited.  Another  application  for  a  railway  conct 
was  made  by  a  Swedish  company  in  1896,  which 
Government  to  propose  to  the  Swedish  Parliament  that  i 
should  be  apportioned  for  surveying  the  course  of  a  rai 
eventually  to  be  taken  over  by  tiie  State,  from  Gellivare  I 
Norwegian  frontier.  And  this  year  an  act  was  passed  by  Pat 
meat  that  such  a  railway  shall  be  built  durin;,'  the  nei 
years.  Within  a  short  period  the  riches  embedded  in 
navaara  and  Luossavaara  will  thus  be  attainable,  and  bee 
blessing  both  to  those  now  living  and  to  many  generatioiu 
come. 

An  exhaustive  investigation  of  the  iron  ore  resources  of  t 
mountains  was  first  carried   out  in   1875,  when  a  great  i 
iron  ore  deposits  iu  the   province  of  Norrbotten  were   , 
out,  and  examined  at  public  expense  by  the  Swedish  Geolog 
Survey.     In  the  year  1889,  at  the  expense  of  a  private  clai 
a  fairly  exact  map  of  the  mining  fields,  on  a  scale  of   1 :  16l 
was  constructed  by  Mr.  S.  E.  Wibel,  and  during  the  years  1 
1896,  and  1897,  the  author  of  this  paper  had  occasion  toe 
out  extensive  inveati^'ations. 

Kiiruuavaara  and  Luossavaara  are  situated  2°  !</ 
Stockholm,  at  about  67°  50'  north  lat,  almost  exactly  1 
way  between  the  valleys  of  the  two  rivers,  tlie  Ealixelf  i 
Torneelf.  The  distances  from  the  mountains  along  the  reoc 
projected  railway  lines  are:  to  Gellivare  station  105  kilometq 
to  Lulea  309  kilometres,  to  the  Norwegian  frontier  132  I 
metres,  and  to  Victoria  Harbour  on  the  Ofoten-Fjord,  173  ] 
metres.  The  Eiirunavaara  mountain  consists  of  a  steep  i 
extending  for  about  2i  miles  in  length,  and  is  divided  , 
aeries  of  peaks,  the  highest  of  which,  named  tiie  "  Stata 
attains  a  height  of  748'9  metres  above  the  sea-level,  or  ! 
metres  above  the  lake  (Luossajiirvi)  that  lies  between  the  t 
mountains.  The  other  auminits,  tiie  names  of  which  are  { 
on  the  accompanying  map,  Plate  V.,  vary  in  height  from  ( 
to  239   metres  above  the  lake.     The  gently  sloping,  eonicallj 
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of  the  raoiiDtftin  is  as  a  rule  very  steep,  sometimes  so  much  so 
that  it  can  only  with  difficulty  be  ascended ;  the  west  side  has 
a  geutle  slope,  and  the  ore  rises  only  very  little  above  the 
porphyry  of  the  foot- wall. 

Attempts  have  been  made  to  ascertain  the  width  of  the  ore 
at  the  surface  by  means  of  magnetic  survey  and  by  excavatiOD. 
as  the  ore  boundaries  are  exposed  by  nature  only  at  a  verv 
few  places.  Sometimes,  however,  the  boundaries  are  fairly 
clearly  indicated  by  the  state  of  the  ground,  as  the  ore  ha- 
been  better  able  than  the  porphyry  to  withstand  the  effect  of 
erosion,  and  has  thus  formed  elevated  portions,  which  somelimet 
rise  rather  steeply  above  the  surrounding  porphyry,  that  is  more 
gently  sloping  and  covered  with  gravel.  In  certain  parta  ^ 
the  mining  field,  especially  in  the  hill  "  Jiiyimaatareii  "  and  on 
the  low  ground  north  of  the  '"  Vaktmastaren,"  there  have  been 
few  opportunities  of  examining  the  extension  of  the  ore. 

The  width  of  the  ore  in  the  mountain  ridge,  as  measured,  onlj 
in  exceptional  cases  falls  below  100  metres;  it  amounts  not  nn- 
frequently  to  150  metres  or  upwards,  whilst  in  one  place,  in  the 
hill  "  Geologen,"  it  is  as  much  as  255  metres.  Since  the  dip 
of  the  ore  body  is  found  to  be  rather  small,  and  since  Ihe 
action  of  erosion  in  some  parts  of  the  district  has  been  to  make 
the  outcrop  of  the  hanging-wall  much  lower  than  that  of  the 
foot-wall,  it  is  obvious  that  the  actual  width  of  the  ore,  or  the 
horizontal  distance  between  hanging-wall  and  foot-wall,  is  in 
general  somewhat  less  than  that  above  given — a  circumstance  lo 
which  due  attention  has  been  paid  in  the  calculation  of  the  ore 
area.  Formerly  the  dip  of  tbe  ore  body  was  assumed  to  be  70" 
to  80°  eastwards  from  the  horizon.  During  last  summer  diamond 
borings  were  carried  out,  which,  however,  have  proved  that  the 
dip  is  considerably  less. 

These  borins^s  were  put  down  at  three  different  placet, 
namely,  at  the  "Vaktmastaren,"  the  " Statsradet,"  and  the  "Pro- 
fessom,"  and  their  execution  caused  much  loss  of  time  and  jreat 
expense,  owing  to  the  unusual  hardness  of  both  the  ore  itself 
and  of  the  porphyry  in  which  it  is  embedded,  the  difficulty  in 
transporting  machines  and  boring-tubes  to  the  place,  in  procuring 
water,  &c. 

At  the  "  Vaktmastaren  "  a  hole  was  sunk  at  an  angle  of  55* 
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the  angles  of  dip  found  by  tlie  diamood  borings,  varies  between 
34  and  152  metres,  a,nd  tlie  average  thickness  of  the  ore  ridge 
has  been  estimated  at  about  70  metres. 

The  total  ore  area  in  Kiiruuavaara,  whereby  is  meant  tie 
superficial  extent  of  a  horizontal  section  of  the  ore  body,  has 
been  estimated  at  about  376,000  square  metres,  of  which  some 
230,000  square  metres  are  uncovered  or  scarcely  covered  at  all. 
while  in  the  remainder  of  the  district  the  ore  is  known  ciiiefly 
from  the  results  of  magnetic  aurveyiug  and  from  a  few  scaitereJ 
excavations. 

A  trustworthy  calculation  of  the  whole  quantity  of  ore  coold 
not  be  made  with  the  material  at  present  available.  From  the 
results  of  the  diamond  borings  and  other  direct  observations,  it  U 
evident  that  the  ore  body  continues  below  the  level  of  the  lake 
Luossajarvi,  and  that  it  must  have  a  very  considerable  thickness 
there,  even  if  it  decreases  downwards.  As  long  as  the  dala 
at  hand  are  not  more  complete,  it  appears  better  to  calcuiate 
only  what  quantity  of  ore  must  exist  above  the  level  of  Luossa- 
jiirvi.  Allowing  for  a  downward  decrease  in  the  width  of  the 
ore,  in  about  the  same  way  as  in  the  boring  sections,  the  total 
mass  of  ore  has  thus  been  estimated  at  47,800,000  cubic  metres, 
which,  as  the  specific  gravity  of  the  ore  by  special  weighings  has 
been  computed  to  be  4'5,  corresponds  to  a  quantity  of  about 
215,000,000  tons. 

The  iron  ore  in  Kiirunavaara  and  Luossavaara  differs  widely 
in  quality,  not  only  from  most  Swedish  ores,  but  also  from  the 
majority  of  other  ores  that  are  mined  at  present.  The  characteris- 
tics of  this  ore  are :  an  exceptionally  high  degree  of  compactness 
and  hardness,  and  the  fact  that  surfaces  of  fracture  in  it  are 
sometimes  conchoidal  and  highly  lustrous,  but  very  seldom  at  all 
evidently  crystalline.  Still  more  interesting  than  its  structure  is 
its  chemical  composition.  The  ore  is  remarkably  free  from  all 
foreign  minerals  except  apatite ;  but  that  occurs  in  very  varying 
quantities,  and  is,  in  general,  exceedingly  abundant.  The  many 
different  forms  in  which  it  occurs  are  of  great  interest,  both  from 
a  geological,  and  especially  from  an  economic  point  of  view,  inas- 
mach  as  it  is  from  this  mineral  that  the  phosphorus  in  the  ore  ia 
derived. 

It  cannot  be  expected  that  a  fully  reliable  knowledge  of  the 
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IB  of  fairly  general  occurrence  in  the  "  Statsradet,"  in  the  "  K«p- 
ten,"  in  tlie  nortliern  part  of  the  "  Landshiifdingen,"  and  at  o\hs 
places.  It  appears  to  be  perfectly  pure,  aud  it  is  only  on  a 
closer  examination  that  the  small  crack-Sllings  of  apatite  can  tw 
discei'oed,  though  they  may  raise  the  phosphorus  percentage  ol 
the  ore  to  several  tt^nths. 

(4.)  Higkly  phosphuric  vmyiietite  with  apatite  in  nests,  patchts. 
a7id  lenses  is  by  far  the  most  common  in  Kiiruuavaara.  Tbe 
major  part  of  the  following  hills ;  the  "  Grufingenioren,"  tlie 
"  Statsradet,"  the  "  Bergmaataren,"  the  "  Direktoren,"  the  "  Po}- 
ken,"  atid  the  "  Kapten,"  and  no  inconsiderable  parts  of  the 
"  Laiidahofdin^'en,"  the  "  Profeasorn,"  and  the  "  Jagiiiiistareii," 
coQSJBt  of  this  kind  uf  ore.  In  structure  and  coinpositiun, 
this  type  presents  very  great  varieties.  The  apatite  appears  in 
some  places  in  the  form  of  small  grains,  either  widely  dispeised 
or  very  close  together,  or  as  a  fine  network  of  thin  veins,  nod 
sometimes  in  the  form  of  very  irregular  meandering  patches  with 
a  width  of  from  a  few  centimetres  to  one  decimetre  or  upwards, 
or  again  in  the  form  of  big  lenticular  or  stratified  quantities  with 
a  width  of  as  much  as  2  to  3  decimetres  and  a  length  of  from 
1 0  to  15  metres,  and  sometimes  still  more. 

The  apatite  usually  consists  of  very  fine  crystals,  but  is  some- 
times almost  compact,  and,  especially  in  some  of  the  large 
portions,  remarkably  free  from  iron  ore  and  other  foreign  in- 
gredients. An  analysis  of  »  sample  from  one  big  lens  in  the 
bill  "  Direktoren "  showed  it  to  contain  40'0i)  per  cent,  phos- 
phoric acid,  corresponding  to  96  per  cent,  of  pure  apatite. 

It  ought  to  he  possible  by  sorting  to  separate  some  part  of 
apatite,  but  it  is  generally  so  closely  associated  with  the  t 
that  an  ore  low  in  phosphorus  cannot  be  produced  in  this 
The  quantity  of  pure  apatite  which  can  be  obtained  by  boi 
is  not  very  large. 

The  percentage  of  phosphorus  in  this  type  of  ore,  which  ib  ■ 
far  the  most  common,  and  tVius  also  the  most  important  one 
of  many  different  grades.  Thus  it  varies  in  the  "  Grufingenioi 
from  0'4  to  2'9;  in  the  "  Geologen  "  between  0'6  and 
and  upwards ;  in  the  "'  Stateradet "  it  frequently  amouuts  to  2 
4,  and  is  seldom  lower  than  1 ;  in  tiie  "  Bergmiistaren  "  it 
between  0'7  and  4  to  5  ;  in  the  "  Direktoren  "  between  2  and 
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as  7  per  cent.  In  seven  samples  from  the  lower  hole  (No.  ^1 
the  percentage  of  phosphorus  does  not  exceed  0'046,  and  in  <W 
sample  it  amounts  to  3 '001. 

On  scrutiniaing  the  168  analyses  made  in  1896  and  1397. 
with  a  view  to  ascertaining  the  amount  of  phosphorus  in  sample 
out  of  108  different  test-pits,  it  will  be  found  that  unsorted  ok 
with  a  percentage  of 
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O-06-O'l  of  phai[jboTUi 

0-1-0-8 

1-8-1 -5 

l'&-6-0uruiiwftr.i» 
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The  percentage  of  iron  in  171  samples  from  109  pits  amounted 


i 


4S-S0in 

50-60., 
60-fi7„ 


Upoardo  i 


In  mure  thau  60  per  cent,  of  the  piis  thus  examined   tiie  ore 
has  beeD  found  to  contain  a  p«Tceutage  of  iron  exceeding  67. 

It  is  obvious  that  until  mining  has  been  carried  ou  for 
a  certain  length  of  time,  no  fairly  accurate  knowledge  can  be 
obtained  as  to  the  real  quality  of  ores  of  such  a  varying  composi- 
tion. But  the  analyses  now  made  indicate,  as  a  fairly  i 
worthy  result,  that  ores  with  less  than  0'05  per  cent,  and  fro 
0-05  to  04  per  cent,  phosphorus,  in  such  quantities  that  theycf 
be  mined  separately,  occur  in  the  bill  "  Valftmastaren  "  and  in  tl 
southern  parts  of  the  "  Landshofdiugen  "  and  the  "  Professom 
The  quantity  of  such  ore,  which  is  more  valuable  than  the  high^ 
phosphoric  ore,  does  not  seem  to  be  great  as  compared  to  1 
the  latter  ore.  The  bulk  of  the  Kiirunavaara  ore  coQta 
more  than  0-8  per  cent.,  in  general  from  1  to  2  per  cent.,  i 
not  unfrequeutly  as  much  as  S  or  4  per  cent,  or  still  more,  i 
phosphorus. 

It  is  exceptional  for  the  iron  ore  in  Kiirunavaara  to  conts 
any  admixture  of  the  enclosing  or  other  rock,  so  that  the  { 
ceutage  of  ore  resulting  from  mining  in  this  field  mil  1 
exceedingly  high. 

The   percentage    of   sulphur   in    the   ore   amounts    in 
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aoalysed  samples  to  01,  bat  otherwise  it  nowhere  exceeds  0'0S8. 
It  geuerally  amounts  to  about  O'Oo,  and  was  sometimes  less  than 
0-02.  The  percentflj;e  of  titanium  varied  in  some  ten  analysed 
samples  from  0*32  to  0-95;  the  percentage  of  maus^auese  is  very 
low,  not  exceediDg  0'32. 

In  consfefjuence  of  the  extraordinary  compautnesa  of  the  ore,  it 
is  very  hard  to  penetrate  witli  the  drill,  but  this  inconvenience 
is  more  than  outweighed  by  its  extreme  fissility  and  the  con- 
sequent uuusually  extensive  splitting  of  the  rocks.  Another 
advanti^e  attaching  to  its  hardness  is  that  the  oru  doea  not  go 
to  (lust  when  mined.  Owing  to  this  peculiarity  and  to  the 
manner  in  which  the  apatite  occurs,  it  is  obviously  impossible  to 
remove  this  mineral  by  magnetic  separators  so  completely  as  to 
produce  an  ore  low  in  phosphorus. 

In  Luossavaara  the  iron  ore  is  far  less  known,  owing  to  the 
fact  that  it  is  mostly  covered  with  soil.  By  means  of  magnetic 
surveys  it  has,  however,  been  ascertained  that  the  ore  body 
is  not  immediately  connected  with  that  of  Kiirunavaara,  but 
commences  at  a  point  north  of  the  shores  of  Luossajarvi,  and 
extends  to  a  length  of  more  than  1200  metres.  The  width  of 
the  ore  body  seems  to  vary  between  30  and  55  metres.  A 
diamond  boririg  near  the  southern  end  of  the  ore  deposit  has 
shown  that  the  dip  of  the  hanging-wall  is  at  that  place  81°  40' 
and  that  of  the  fooi-wall  70°  towards  the  east,  so  that  the  thick- 
ness apparently  ilecreases  downwards. 

The  area  of  uncovered  ore  on  the  top  of  Luossavaara  amounts 
to  5000  square  metres ;  on  the  south  side,  where  the  extent  of 
the  ore  has  been  comparatively  accurately  ascertained  with  tlie 
aid  of  magnetic  surveys  and  excavations,  the  area  has  been 
estimated  at  26,400  square  metres,  and  on  the  north  side  of  the 
top  at  22,750  square  metres.  The  last  figure  is,  however,  very 
uncertain. 

In  these  calculations  small  indications  of  the  compass  in 
the  most  northerly  part  of  the  field  and  on  the  west  side 
of  the  ore  body  are  ignored.  The  deposit  of  highly  phosphoric 
magnetite,  which  was  discovered  some  ten  years  ago  east  of  the 
top  of  the  mountain  in  the  vicinity  of  the  boundary  of  the 
hatmatite-bearing  schists,  is  still  but  imperfectly  explored,  and 
has  been  omitted  in  the  estimate. 
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On  the  assumption  that  the  ore  body  tapers  o£F  downwwdt,   I 
the  total  maas  of  ore  at  Luoasavaara  above  the  level  of  the  lake    | 
should  amount  to  3.864,000  cubic  metres,  which  ia  equal  to  bodi^ 
what  more  than  IS  milliou  tone,  the  sfiecific  gravity  of  this  ore 
having  been  calculated  to  be  at  least  47. 

The  great  bulk  of  the  ore  in  Luosaavaara,  as  Ear  as  hitherto 
known,  is  comparatively  low  in  phoaphorns,  and  is  very  analogoos 
to  the  ore  described  aa  type  No.  2  in  Kiirunavaara.  It  consbu 
of  a  compact,  hnrd  magnetite,  or  iu  places  of  maguetile  miicd 
with  htematite,  sometimes  without,  sometimes  with  lustrous 
surfaces  of  fracture,  and  often  containin<:  cavities  covered  wilt 
rust,  sometimes  so  numerous  thai  the  ore  is  quite  porous. 

More  recent  examinations  have  proved  that  the  ore  in  Luosaa- 
vaara contains  somewhat  moi-e  phosphorus  than  what  was  pre- 
viously supposed  to  be  the  case.  It  has  been  found  that  the 
ore  even  here  at  some  places  contains  apatite,  sometimes  ju 
the  shape  of  disseminated  grains  of  varying  size,  sometimes 
finely  impregnated.  Thus  in  the  southermnoat  test-pit  a  grey 
ore  with  about  6  per  cent,  phosphorus  occurs  close  to  the 
foot-wall,  while  in  the  same  pit,  in  the  neighbourhood  of  the 
hanging- wall,  there  appears  a  black,  lustrous  ore  almost  quite 
pure,  two  samples  of  it  having  shown  only  0'34i  and  0-074  per 
cent,  phosphorus.  In  another  pit,  situated  in  the  line  of  the 
diamond  boring,  two  sorting  experiments  resulted  in  two  different 
qualities  of  ore  being  obtaim-d ;  the  percentages  of  phosphorus 
are  in  the  one  case  0fl39  and  0'070,  and  in  the  other  0-065  and 
0'265.  Just  above  this  pit  one  of  the  qualities  of  ore  that  have 
been  sorted  out  contains  no  less  than  1-650  per  cent,  phosphoma. 
In  other  pits,  from  which  samples  have  been  taken,  the  amoont 
of  phosphorus  is  generally  low,  but  varies  very  much.  Ue- 
aorted  ore  with  less  than  0'05  per  cent,  of  phosphorus  has  been 
observed  in  one  pit  only,  and,  in  the  sorting,  an  ore  of  tins  kind 
has  only  been  produced  in  three  or  four  pita. 

Judging  from  the  results  of  an  examination  of  small  surface 
pita,  there  is  every  reason  to  believe  that  no  inconsiderable 
quantities  of  ore  can  be  obtained  in  Luossavaara  with  the 
low  pefceiitage  of  phosphorus  requisite  for  the  acid  Bessemer 
process,  but  no  estimate  of  these  quantities  can  at  present  Ik  ., 
made,  even  approximately. 
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DISCUSSION. 

Mr.    W.   WnrnVELL  (Hou.  Treasurer)    was   very  ylad  of  the  1 
opportiiuity  of  saying  two  or  three  worJs,  it  only  in  acknowled"- 
ment  of  the  exceeding  kindness  tliat  was  shown  to  them  by  those 
who  invited  them  to  see  the  wonderful  deposits  in  the  uortheni 
part  of  Sweden.     For  many  years,  he  might  premise  by  saying,  i: 
had  been  his  privilege  to  use  the  ores  from  Gellivaara ;  but  up  lo 
the  present  time,  naturally  till  the  railway  was  made,  as  reganied    i 
the  ores  of  Kiirunavaara  and  Luossavaara  that  was  a  matter  in  some   I 
degree  for  investigation,  examination,  and  analysis,  that  he  conU   j 
not  now  pretend  to  go  into.      Hia  firm  had  used  nearly  100,000 
tons  of  Oellivaara  ore.      It  was  mostly  the  beat  quality — the  A 
quality — that  had  been  sent  to  his  firm,  and  it  might  be  a  litUe 
interesting  to  all  those  wlio  were  steel  makers  and  steel  osers  to 
know  wliat  the  character  of  this  ore  had  proved  to  be  from  care- 
ful analysis  in  the  case  of  the  investigation  of  every  cargo.     The 
deliveries  commenced  in   1888,     The   first  cargo  they  received 
contained  69-0(J  per  cent  of   iron,  O'Ol  of  sulphur,  and  0-004  of 
phosphorus.     In  1889  they  liad  four  cargoes  of  iron  ore  wliicii 
contained  68-845  of  iron  on  the  average,  and  phosphorus  0-044. 

In  1892  they  had  a  number  of  cargoes  averaging  68-18  of  iron, 
and  0-032  of  phosphorus.  In  1893  they  had  a  number  of  cargoes 
with  69-31  of  iron,  0'096  of  sulphur,  and  0-0164  of  phosphorua 
In  1894  they  had  a  number  of  cai^oes  with  68-492  of  iron,  and 
O'OHl  of  phosphorus;  and  then  they  came  on  to  1895,  showing 
the  iron  ore  almost  iiientically  the  same,  and  he  need  not  repeal 
it;  and  the  phosphorua  during  the  last  four  years  was  0-0225, 
0-020,  0-030,  and  0-031.  There  was  only  oue  cargo  delivered  this 
year,  with  its  0-031  of  phosphorus.  This  included  all  the  A  ore 
received  by  the  buyers  during  these  nine  years,  and  it  was  abso- 
hitety  exact  analysis  of  the  whole  of  the  cargoes  received.  The 
samples  were  selected  during  the  dischai^e  at  W.  Whitwell  Co,'s 
wharf  by  the  sampler  of  Pattinson  &  Stead  of  Middlesbrough. 
It  showed  altogether  a  very  excellent  material,  very  free  from 
apatite,  and  although  slightly  more  refractory  than  the  best 
Spanish,  and  African,  and  South  Spain  ores,  it  was  excellent  to 
use  as  a  mixtore,  and  gave  perfect  results  on  the  analysis  of  the 
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ore  deposits  of  Swedish  Lapland  with  Victoriahafn,  on  the  OfoteD 
Fjord,  on  the  Norwegian  coast. 

Yictoriahafu  is  situated  at  the  east  end  of  the  Ofoten  Fjord 
It  is  a  fine  sheet  of  water  of  some  square  miles  in  extent.  The 
depth  of  water  is  ample  to  allow  steamers  to  lie  alon^  wharves, 
and  the  only  difficulty  to  be  overcome  is  the  considerable  liae  ' 
and  fall  in  the  tides,  which  vary  from  1*2  to  20  feet  at  neap  aai 
spring. 

From  Yictoriahafa  to  Kiirunavaara  is  a  distance  of  about 
110  miles.  The  first  20  miles  lie  through  Norwegian  territorj, 
ascending  from  Victoriahafn  along  the  southern  side  of  the 
Kambokken  Fjord,  tnrough  the  Hundthal,  to  the  plateau  of 
Katarak,  w  lie  re  the  boundary  between  Norway  and  Sweden 
is  passed.  The  plateau  is  between  2000  and  3000  feet  above 
sea-level. 

A  good  deal  of  work  has  been  done  alon<^  this  Norwegian 
section  of  the  railway  by  a  now  defunct  English  company.  It 
is  understood  that  the  Government  of  Norway  have  purchased 
the  work  from  the  company  and  intend  to  adapt  the  line  so 
chosen  to  the  railway  now  under  construction.  Work  is  now  in 
progress  on  the  Swedisli  side  of  the  boundary,  and  also,  1  think. 
on  the  Norway  side.  The  material  for  the  Swedish  engineen 
is  at  present  bein^'  landed  at  Botten,  a  small  village  ou  the 
east  end  of  Rambokkeu  Fjard  above  mentioned,  whence  it  is 
conveyed  by  country  carts  a  few  miles  up  to  Hundthal,  some 
500  feet  above  sea-level,  and  thence  by  pack-horses  to  the  6rst 
engineers'  camp  on  the  platiaau,  at  a  place  called  Vassajowa. 

Having  been  favoured  with  an  invitation  from  the  Oellivuia 
Company  to  visit  tlie  deposits  of  Kiirunavaara  and  Luoseavaara, 
I  decided  to  attempt  the  route  from  Victoriahafn  in  order  to 
see  what  sort  of  country  lay  between  the  mines  and  the  < 
Leaving  London  at  the  end  of  July,  I  crossed  from  Hull  I 
Christiania,  thence  by  rail  to  Trondlijem,  and  by  steamer  I 
Svolsvaer,  in  the  Liifoten  Islands,  There  I  hired  a  small  steal 
which  took  me  to  Victoriahafn,  where  I  landed  on  WedneBd^j 
the  10th  August.  The  terminus  of  the  railway  is  of  course  to  1 
be  at  Victoriahafn,  but  all  operations  are  now  being  conducted 
&om  the  little  port  of  Botten,  at  the  east  end  of  the  Kambokken 
Fjord.     Steaming  on  to  this  spot  through  the  picturesque  galii 
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and  so  we  had  experience  of  Lapland  morasa  and  wilderness 
untouched  by  man. 

Tome  Traske  is  a  magniflcent  sheet  of  water  50  or  60  miles 
long,  and  in  parts  some  miles  wide.  It  stretches  from  within  a 
short  distance  of  the  border  between  Sweden  and  Norway  to 
the  south-east,  and  it  is  the  reservoir  whence  flows  the  great 
Tome  River,  which  joins  the  Gulf  of  Bothnia  at  Haparanda. 
The  wat«r  is  wonderfully  pur«.  Doubtless  there  will  shortly  be 
steamers  on  this  lake  and  hotels  along  its  banks ;  but  at  the 
present  moment  it  is  uninhabited  and  silent. 

The  boat  in  which  we  embarked  was  of  primitive  construction 
and  without  shelter.  Fortunately  the  weather  waa  quite  fine, 
so  we  were  able  to  land  to  cook  our  meals,  passing  the  nights  in 
the  boat,  for  the  mosquitoes  quite  prevented  sleeping  on  land. 
We  took  from  five  o'clock  on  the  12th  to  two  o'clock  on  the 
13lh  to  row  down  the  lake,  whence  we  emerged  into  a  succes- 
sion of  long  and  wide  reaches  of  water  connected  by  rapids. 
At  some  of  these  we  had  to  unload  the  boat  and  let  it  down  with 
ropes.  We  eventually  reached  the  first  settlement  at  a  place 
called  Kiiruvaara,  10  miles  north  of  Kiirunavaara.  Here  we 
were  hospitably  received  by  the  Finns,  who  inhabit  that  part  of 
the  country. 

The  railway  is  to  follow  the  south  bank  of  the  Tome  Lake, 
and  to  an  unprofessional  eye  the  route  seems  welt  chosen,  as 
there  is  ample  slope  between  the  somewhat  monotonous  hillB 
and  the  lake,  requiring  but  little  rock- cutting  aud  tunnelling. 

Kiiruvaara  ia  a  pleasant  little  spot  of  some  twenty  or  thirty 
houses  situated  on  one  of  the  inlets  of  the  Tome  River.  The 
wooden  houses  are  substantial  and  well  built,  there  are  consider- 
able stretches  of  pasture  land,  and  it  was  agreeable  to  arrive  at 
so  pretty  a  place  after  three  days  of  wilderness  and  solitude. 
From  Kiiruvaara  we  walked  10  miles  to  Kiirunavaara,  where  we 
arrived  on  the  15th,  and  found  welcome  and  hospitality  from 
the  Gellivaara  Company's  representative. 

I  waa  informed  that  the  railway  will  take  four  years  to  build, 
and  that  it  will  cost  one  and  a  half  million  of  pounds  sterling. 
It  ia  estimated  that  1,200,000  tons  of  ore  will  be  exported  every 
year.  This  means  a  daily  transport  of  4000  toua,  requiring 
eight  trains  per  day.     On  the  one  hand,  considerable  hindrance 
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EXPERIMENTS   MADE   WITH   A   MOTOR 
USING   BLAST-FURNACE  GAS.* 


By  A.mi  WITZ. 


The  object  of  these  experiments  was  to  study  the  practical 
condition  of  working  of  a  one-cylindered  gas  engine  of  great 
power,  fed  by  the  gas  from  biast-fiiruaces  using  coke. 

A  sufficiently  extended  trial  was  necessary  in  order  that  it 
might  be  proved  from  it  whether  the  gas  from  blaat-fiimaces  can 
be  directly  employed  in  gas  motors,  and  whether  such  gas  allows 
of  continuous  and  regular  work,  whatever  may  be  the  variatioos 
in  quality,  in  richness  itnd  in  pressure,  and  in  spite  of  the 
abundant  dust  which  it  brings  with  it.  This  proof  also  ought 
to  include  a  very  exact  determination  of  the  consumption  of  gas, 
oil,  water  for  the  cylinder,  and  of  water  for  the  apparatus  for 
washing  the  gas,  under  normal  working  conditions. 

Mr.  A.  Greiner,  the  managing  director  of  the  Cockerill  Com- 
pany, did  me  the  honour  of  confiding  to  me  the  direction  of 
these  trials,  and  put  at  my  disposal  everything  necessary  to  bring 
them  to  a  successl'nl  issue. 

Messrs,  Hubert  (Professor  at  the  Liege  University),  BaiUy  and 
Kraft  (engineers  to  the  Cockerill  Company),  and  E.  Delamare- 
Deboutteville,  were  good  enough  to  become  my  coadjutors,  and 
to  assist  me  with   the   numeious   data   it   became   necessary  to 

*  Thii  paper  embodien  tbe  rvport  of  -cipcrimenta  with  n  blsct-furnHCa  giu  engine  U 
300  horM-power,  mnde  at  Setaing,  whjcb  wan  promiiod  by  Mr.  Greiner  at  tha  Inl 
meeting  of  tbe  Iintitula.  Tha  oiperiniBJiti  were  mado  by  a  prominent  oipeit,  Mr. 
Wilt,  of  Lillo,  Fmuoe,  and  show  tiuxt  tlit  eomumptioB  of  gai,  whiob  waa  eipectol  ta 
be  about  *  euhic  luetrea  par  atfettivo  hatie-poWBr,  waa  not  more  tbnn  3329  (US  enW 
feet)  after  M  boura'  continuoui  trial,  stowing  the  inimeaae  benefit  derived  from  tbi 
direOt  uiB  of  blut-fnmace  gaa  in  enKtuei.  Theae  very  intei'eitiiig  reinlta  induoed  Ibt 
SuoitU  CookeriU  to  decide  to  boild  a  500  bone-pmrer  blowing  engine. 
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machine;  another  noted  the  admissions  of  the  gas.  A  Richard 
register  traced  the  speed  curve :  the  line  600  corresponded  to 
125-3  revolutions,  the  line  400  to  B'd'b  revolutions;  one  divisiou 
of  tlie  ruled  paper  was  thus  equivalent  to  a  variation  of  20!* 
revolutions  per  minute.  A  Crosby  indicator  allovred  of  taking 
the  diagramB  and  of  calculating  the  work  indicated.  Thermo- 
meters gave  the  temperature  of  the  air  and  of  the  water,  bolh 
entering  and  leaving  the  cooling-jacket  of  the  cylinder.  Tbe 
number  of  revolutions  from  the  indicators,  and  the  various 
temperatures,  were  takeu  every  half-hour,  and  at  the  same  time 
a  diagram  was  taken,  aud  the  load  of  the  brake  noted.  Our 
tables  of  the  trial,  therefore,  permitted  every  variation  of  ibe 
working  of  the  engine  to  be  followed.  The  amount  of  wat«r 
used  in  the  cylinder  and  scrubbers  was  measured  in  ganged 
receivers, 

The  volume  of  gas  consumed  was  determined  by  the  aid  of  the 
bell  of  Che  gasometer,  which  had  been  previously  graduated.  For 
this  purpose  the  circumference  of  the  bell  was  measured,  in  order 
to  arrive  at  its  interior  diameter ;  there  was  then  placed  on  the 
tank  three  vertical  measuring  staffs,  before  which  an  index  was 
arranged.  These  measuring  staffs  were  placed  at  120°  the  one 
from  the  other,  and  three  observera  noted  sininltaneously  at  a 
given  signal  the  position  of  the  index ;  by  taking  the  mean  of 
these  three  figures,  the  error  which  might  have  resulted  from  an 
oblique  movement  of  the  bell  was  corrected.  These  measures 
were  repeated  five  times,  each  time  for  twenty-nine  minutes' 
work.  Each  operation  coincided  with  a  removal  of  gas,  and  these 
samples,  contained  in  hermetically -closed  glass  flasks,  which  I 
carried  to  my  laboratory  at  Lille,  permitted  of  the  determination 
of  the  mean  calorific  power  of  the  gas  at  the  exact  moment  of 
measuring  the  consumption  of  the  motor.  Knowing  the  atmoB- 
pberic  pressure  aud  the  temperature,  the  volumes  measured  were 
readily  reduced  to  760  mm.  and  0°  C. 

Finally,  a  certain  quantity  of  oil  and  grease  was  put  at  the 
disposal  of  the  driver  of  the  machine  at  the  commencement  of 
the  trial ;  what  remained  at  the  conclusion  was  weighed,  the 
lubricators  being  furnished  identically  iu  both  cases,  and  the 
weight  consumed  was  determined  by  difference,  without  taking 
into  account  any  that  might  be  recovered. 
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CoTiffumption  of  Water. 

At  the  scrubbers: 

Per  hour 5388  litrea 

Per  cubic  metre  of  pas     .        .       (about)  9    „ 

Per  effective  horse-power  hour  ,,  30    „ 

At  the  motor  cylinder : 

Per  hour 13,000  litres 

Per  effective  horse- power  hour      (about)  72    „ 

The  total  consumption  of  watcir  per  effective  horse-power  hour 
is  about  102  litres. 

Conmimption  of  Li(hricant8, 

In  twenty -four  hours : 

OU 68  kilos. 


Grease 2 


»f 


Per  effective  horse-power  hour: 

Oil (about)  15  grammes 

Greasi! ,,  2*3     „ 

An  extract  from  our  tables  of  results  will  show  the  regularity 
of  work  of  the  engine. 

Taking  as  an  example  the  interval  from  the  14th  to  the  24th 
hour,  on  the  19th  July,  and  bringing  together  the  speed,  the 
admissions  and  the  loads. 

The  figures  which  have  been  given  do  not  require  any  long 
comment.  We  need  only  observe  that  the  engine  developed 
181  horse-power,  with  the  suppression  of  more  than  a  teath  of 
the  admissions,  thus  preserving  the  elasticity  necessary  for  good 
work. 

The  work  was  continued  during  24  hours,  without  interruption 
and  almost  without  variation,  since  the  general  average  of  the 
trial  (181*16)  does  not  differ  from  the  average  of  the  five  teats 
of  the  consumption  (181*82). 

The  consumption  of  gas  also  does  not  greatly  differ  from  hour 
to  hour,  and  the  calorific  power  of  the  gas  remains  in  the  neigh- 
bourhood of  981  calories;  the  average  consumption  of  3*329 
cubic  metres  per  effective  liorse-power  is  remarkable,  I  would 
almost  say,  unhoped-for.  As  to  the  regularity  of  work,  this  is 
well  shown  by  the  Richard  indicator  diagram.  On  the  other 
hand,  the  consumption  of  water  and  of  oil  is  much  less  than 
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ladies   also  being  present  in  anticipation  of  the  visit  of   King 


Sir  James  Errsoif,  Bart.,  Paet-Presideat,  said,  in  the  tempo- 
rary absence  of  their  President,  he  had  to  announce  that  Mr. 
Stead's  paper  on  "  Brittleness  in  Soft  Steel  produced  hj  Annealiog" 
would  be  read  and  discussed.  The  discussion  would  also  include 
Mr.  Stead's  paper  on  the  Crystalline  Structure  of  Iron  and  Steel, 
and  the  papers  by  Mr.  Ridsdale  and  Mr.  Saniter  read  at  tiieir 
last  meeting. 

The  Secretary  then  read  an  abstract  of  Mr.  Stead's  paper. 
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which  has  been  laid  with  stonea  of  no  regular  form.  Each  polj- 
gonal  area  in  metals  represents  the  section  of  a  crystal,  the  tnic 
terminal  angles  of  which  at  the  time  they  grew  or  were  develoiw'. 
not  being  able  to  form  owing  to  mutual  interference  of  growiiiL- 
contiguous  crystalB,  These  polygonal  areas  in  reality  represent  th? 
grains  or  crystals  seen  on  any  rapidly  fractured  surface  of  a  metal 

Practical  men  commonly  describe  such  fractures  in  steel  oi 
"  coarse  "  or  "  fine  "  structure  as  "  finely  "  or  "  coarsely  crystalline,' 
but  the  terms  "  fine  "  or  "  coarse  grained  "  are  also  used.  Some 
engineers  call  a  fine  structure  "granular,"  and  a  coarse  one  iu 
which  large  bright  faces  are  visible  as  "crystalline."  We  must 
remember,  however,  that  whether  the  crystalline  grains  in  a  metal 
are  large  or  small,  the  metal  as  a  whole  is  equally  crystalline,  tlie 
only  difference  being  that  there  are  a  greater  number  of  separata 
individuals  in  one  case  tlian  in  the  other.  The  polygonal  masses 
of  irregular  shape  when  completely  isolated  much  more  resemble 
grains  than  crystals,  and  it  appears  more  reasonable  to  call  them 
the  former  than  the  latter.  To  be  more  exact,  the  term  "'crya- 
talline  grain  "  correctly  expresses  their  character.  As  long,  how- 
ever, aa  it  is  clearly  understood  what  is  meant  by  terms,  it  is  not 
of  great  importance  which  is  used. 

In  the  remarks  which  follow  the  term  "grain"  will  be  used 
instead  of  crystal,  and  it  must  be  understood  to  mean  a  grain  the 
mass  of  which  is  crystalline,  the  molecular  crystals  of  which  it  b 
built  being  all  of  same  orientation  in  the  whole  of  its  mass. 

It  has  been  repeatedly  proved  that  many  cubic  crystals  of 
minerals  possess  the  property  of  being  split  up  more  readily  in, 
some  directions  than  in  others,  and  these  are  always  at  ri^ 
angles  to  and  parallel  with  a  cube  face.  It  will  be  seen,  theil) 
that  the  number  of  directions  in  which  a  trne  cube  crystal  can 
split  must  be  three,  all  of  which  are  right  angles  to  each  othi 
The  property  of  crystals  to  split  up  in  this  peculiar  way  is  wh 
mineralogists  call  cleavage. 

Iron  crystallises  in  the  cubic  system,  and  the  crystalline 
of  every  separate  grain  in  a  bar  of  iron  is  more  liable  to  split  vf 
in  these  three  directions  than  in  any  other.  When  we  talk  ti. 
the  orientation  of  the  crystals  of  a  metal,  we  mean  the  directidl 
of  their  cleavage  planes,  and  their  relation  to  each  other  in  thi 
crystalline  granules  of  which  the  metal  is  an  aggregation. 
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The  alloy  of  copper  with  a  very  little  bismuth  in  which  tbe 

grains  of  copper  are  enveloped  with  a  brittle  constitueiit  la  ai 
excellent  example  of  inter-granular  weakness. 

Professor  Arnold  has  found  that  occasionally  in  steel  castiaii? 
the  grains  are  more  or  less  enveloped  with  an  easily  fusiblt 
acoriaceous  matter,  and  the  writer  hag  proved,  aa  was  rightly 
assumed  by  Arnold,  that  the  line  of  fracture  actually  follow* 
the  scoriaceous  envelopes.  The  hard  white  and  brittle  envelopet 
of  carbide  of  iron  which  surround  the  grains  in  steel  containing 
above  1  per  cent,  of  carbon,  are  the  principal  Hues  of  weak- 
ness, and  it  is  through  the  centre  of  these  brittle  envelopes  Uit 
fracture  mainly  travels  when  the  steel  is  broken. 

There  is  another  character  of  inter-grauular  weakness,  in 
which,  so  far  as  we  can  see  at  present  with  the  appliances  st 
command,  there  is  weakness,  yet  no  envelope  of  a  brittle  con- 
stituent is  present.  This  is  particularly  marked  in  certain 
annealed  steels  containing  phosphorus.  Professor  Arnold  )«- 
lieves  that  the  crystalline  grains  in  the  mass  of  such  metal  on 
cooling  contracts  unequally,  and  tend  to  draw  apart,  leaving 
the  junctions  not  perfectly  jointed,  or  in  a  state  of  unnatnial 
tension.  Whatever  the  cause  may  be,  it  certainly  happens  that 
in  such  material  the  fracture  follows  maiuly  the  granular 
junctions. 

We  see,  then,  that  inter-granular  weakness  may  be  divided  into 
two  main  classes : — 

1st.  When  brittle  matter  foreign  to  the  character  of  the  mass 
of  the  grains  envelops  them. 

2ud.  Wheu  the  brittle  envelope  is  absent,  and  the  grains  from 
some  cause  not  clearly  demonstrated  are  not  perfectly  cohesively 
united. 

Cleavage"  Weakness. 

The  second  character  of  weakness  in  metals  is  that  in  i 
the  weakest  line  is  not  between  the  grains,  but  is  that  repi 
sented  by  the  true  cleava<,'e  planes  through  the  moss  or  I 
the  grains.  Example  was  given  in  the  paper  read  at  the  1; 
meeting  of  cubical    forms  which  bad  been  split   from   a  lal 


n  n[  minenilaguts. 


uTage"  ha<  been  »nbgti 


oryaUllins 
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Fig.  2  represents  diagrainioatically  tlie  position  and  oiieotaUu:. 
of  the  molecular  crystals  in  a.  few  contiguous  "grains,  A,  B,  C. 
ami  L).  The  little  squares  in  eacli  tilted  at  various  uigUt 
represent  the  manner  in  whicii  the  little  molecular  cube  ctysiak 
luay  be  oriented  in  a  vertical  section  of  pure  iron. 

In  A  the  cubes  have  their  upper  faces  parallel  to  the  surface 

In  B  they  dip  at  an  angle  of  about  10° 

I»  C      „  ,.  „  ,.        „     20" 

111  D     „  „  „  „        „     30" 

The  upper  line  represeuis  the  eCuhed  surface  of   the  saclion 

through  the  faces  of  the  little  cubes,  some  of  which  are  inclimd 


so  as  to  form  a  series  of  Uitlu  steps,  jusi  as  in  reality  they  t 
found  after  polishing  and  etching. 

The   thick  dark   line  gives   the   direction   in    which   fractl 
would  be  most  readily  effected  from  right  to  left. 

The  doited  iines  at  the  upper  part  represent  the  anglsl 
which  the  licbt  must  fall  in  order  that  it  may 
vertically.  The  thin  dots  represent  the  incident  raya  or  1 
which  fall  on  to  the  surface,  the  thick  dots  the  reflected  ; 
The  angle  made  by  the  incident  and  reflected  rays,  divided  1 
two,  gives  the  angle  of  iTiclination  which  the  upper  (aces  of  tlie 
molecular  crystals  bear  witii  relation  to  the  surface  of  the  metal 
section. 

The  dark  squares,  some  of  which  are  large  and  others  smaller, 
illustrate  the  manner  in  which  the  nitric  acid  selectively  dif!8 
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The  crossed  lines  represent  tbe  cleavage  planes  in  each  grain. 
The  coarse  structure.  Fig,  4,  represents  crystals  heterogeneously 
arranged,  whereas  in  the  finer  structure.  Fig.  3,  they  are  moK 
symmetrical  and  the  cleavages  run  in  almost  parallel  lines. 
The  latter  type  would  be  easily  broken  up,  whereas  the  former 
would  be  strong  and  tough. 

It  is  of  course  well  kuowu,  all  other  things  remaining  constant, 
that  it  is  advisable  to  obtain  structural  and  other  ateel  as  fiueh 
grained  as  possible.  The  following  illustration  is  only  introduced 
to  show  that  crystalline  arrangement  may  completely  reverse  this 


order,  so  that  a  coarse-grained  metal  may  be  stronger  than  one 
of  finer  grain. 

The  truth  of  the  foregoing  statement  has  been  fully  demon- 
strated in  the  research  of  the  writer  in  his  experiments  at 
Middlesbrough  and  elsewhere. 

It  wili  be  seen,  then,  that  brittleness  may  be  caused  by  the 
crystals  arranging  themselves  in  symmetrical  fashion  in  con- 
tiguous grains. 

Fortunately,  cm  a  rtiU,  in  iron  and  steel  they  do  not  grow  or 
build  themselves  in  such  order,  but  are  heterogeneously  arranged. 
The  illuBtration  No.  17,  in  the  paper  on  crystalline  iron,  gives 
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In  the  laboratory  trials  of  the  writer  the  coarse  •iranular  stroe- 
turea  obtained  by  anuealiug  pure  iron  at  700°  C-  coald  not  be 
broken  by  a  sndden  blow ;  and  on  examination  microscopicalijr, 
the  etched  grains,  sometimes  of  large  dimensions,  were  founci,  by 
the  way  they  refle'ited  light,  to  have  their  cleavages  at  other  tlmn 
right  angles  to  the  surface.  These  samples  could  be  bent  uvei 
upon  themselves  without  fracture. 

It  was  often  found,  however,  that  a  coarse-grained  bar,  after 
beuding  to  right  angles,  broke  on  straigiitening,  whereas  the  same 
bar  with  fine  grain  could  be  straightened  without  breaking. 

Although  the  trials  in  the  laboratory  did  not  give  what  may 
be  called  brittle  crystalline  irou,  it  is  possible,  it  they  had  been 
repeated,  or  a  sufficient  numlter  made,  we  might  in  time  have 
obtained  one  which  was  ao.  Occasionally  we  have  met  with 
bars  of  practically  pure  Swedish  material  which  were  exceedingly 
brittle,  and  in  which  the  cleavages  were  generally  at  right  anglea 
to  the  outer  surfaces.  Unfortunately,  their  previous  history  and 
the  nature  of  the  mechanical  treatment  they  had  been  subjected 
bo  couid  not  be  ascertained,  excepting  that  they  had  been  annealed 
for  a  long  period  at  a  temperature  under  700°  C,  and  this  wu 
determiued  with  certainty  by  microscopic  examination. 

Much  work  has  been  done  with  the  endeavour  to  produce  at 
will  material  with  this  brittle  crystalline  organisation,  but  ao  far 
we  have  not  been  able  invariably  to  do  so.  Mr.  W.  R.  Lysagbt 
of  Wolverhampton  has  co-operated  with  the  writer,  and  has  done 
a  very  lai'ge  amount  of  practical  work  at  his  suggestion,  having 
annealed  himdreds  of  samples,  and  rolled  many  samples  of  steel 
under  different  conditions. 

One  series  of  trials  was  most  interestiug  and  instructive 

Several  tin-plate  bars  were  annealed  in  a  close  box  for  forty- 
eight  hoiira  at  about  700°  C.  These  when  cold  were  cut  in  twn. 
one  half  ol'  eacii  beiu^'  retaiued  for  examination,  and  ihe  otli<^rs 
re-annoftled  for  forty-eight  hours.  These  when  cold  were  again 
halved,  and  portions  of  each  were  annealed  a  third  time  A!l 
the  samples  were  examined  mechanically  and  microscopically. 

The  size  of  the  f;rain  in  the  centre  of  all  the  bars  after  repealed 
nnumling  was  larger  than  in  the  same  bars  before  annealing; 
but,  after  the  first  auuealing,  all  the  bars  were  enveloped  with  a 
coarsely  granular  layer.      On   polishing  the  surfaces,  and   tbeii 
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Bbittleness  in  Annealed  SaiiETS. 

1.  The  exami nation  of  a  large  number  of  auuealed  slieets  has 
revealed  the  fact  that  when  their  thickness  is  less  than  18  B.W.6., 
brittleness  is  never  developed,  and  that  it  b  occasionaUy  developed 
in  sheets  of  from  10  to  20  B.W.G. 

2.  That  the  preponderating  quantity  of  thicker  sheets,  wiiich 
are  not  readily  broken  when  they  leave  the  annealing  pots,  and 
which  cannot  be  classed  as  brittle,  after  heating  from  400°  to 
500°  C,  and  being  subjected  to  jar  or  shock,  which  may  or  may 
not  be  sufficieut  to  give  a  permanent  set,  almost  invariably  causes 
a  development  of  a  brittle  character.  The  character  of  the 
weakness  is  sometimes  inter- granular,  but  more  frequently  inter- 
cryatalHue.  The  lines  of  weakness  in  the  former  take  no  special 
direction,  and  the  sheets  break  up  exactly  like  cast  iron.  The 
weakest  positions  in  the  second  class  are  invariably  in  certaiD 
fixed  directions,  viz.,  at  angles  approxiinatiw/  to  45°  to  ifu 
direction  the  s/teds  were  rolled,  and  at  right  angles  to  the  sur- 
face of  the  sheets.  In  other  words,  the  weak  lines  correspond 
to  the  three  directions  of  cleavage  in  a  cube,  having  four  faces 
at  45°  to  the  edges,  and  two  faces  parallel  to  the  surface  of  the 
sheets. 

Such  material  can  be  bent  and  hammered  close  together  when 
the  bending  is  done  longitadinally  or  at  right  angles  to  that 
direction,  but  it  breaks  ofr  readily  when  bending  is  attempted 
at  angles  of  45°  to  the  direction  in  which  the  plates  were 
rolled. 

The  peculiarity  of  breaking  up  in  rectangular  positions  haa 
long  been  noticed,  but  it  does  not  appear  that  notice  has  before 
been  taken  of  the  invariably  fi.\ed  relation  which  exists  between 
the  lines  of  fracture  and  the  direction  of  rolling. 

What  is  the  cause  of  this  peculiar  relation  ? 

It  is  evident  that  the  rolling  is  the  initial  cause,  but  in  no 
case  whatever  have  the  rolled  sheets  previous  to  annealing  shows 
any  tendency  to  break  up  in  rectangular  directions.  The  rollinj; 
of  all  these  sheets  is  done  when  the  steel  is  at  a  comparatively 
low  temperature,  about  600°  C,  and,  as  one  would  naturally  expect, 
a  fractured  surface  invariably  presents  a  fibrous  appearance,  a 
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pUtee.  and  when  such  etched  specimens  »re  distorted  or  are 
pulled  out,  for  these  plates  to  slide  over  each  other. 

It  appears  probable  that  ibe  roiliiig  causes  a  sufficient  iiuinl«r 
of  the  molecular  crystala  or  groups  of  such  crystals  to  be  arranged 
in  the  position  shown  in  Fig.  5  to  form  dooiiiiatinf;  centres  of 
crystalline  attraction.  Wlien  a  sheet  bearing  such  an  impression 
is  subjected  to  a  suitable  annealing  process,  a  systematic  mar- 
shalling of  what  is  possibly  the  greater  mass  steadily  form  about 
these  centres  with  the  formation  of  the  relatively  massive  cijb- 
taliine  grains  which  have  the  same  or  nearly  the  same  orienta- 
tion throughout  the  whole  sheet. 

It  is  difficult  to  believe  that  the  greater  mass  of  the  molecules 
are  arranged  as  shown  in  Fig.  5  fce/iwc  onnealmt/,  for  if  they 
were,  there  would  certainly  be  rectangular  weakness,  which  we 
know  there  is  not  in  sheets  from  the  rolls. 

Of  course  the  above  explanation  is  purely  hypothetical  and 
may  require  much  modification  hereafter  when  we  have  obtained 
more  experimental  data. 


One  very  hne  example  of  very  gross  granulation  was  met 
with  in  an  annealed  plate.      It  had  been  rolled  to  16  B-W.G., 

and  afterwards  annealed  for  forty-eight  hours. 
It  had  the  following  composition  i — 

I'er  CbhI. 
C»rbon  .......         0-035 

Mfttiguiew    ■■-....        0'331 

SUienn Irnce 

Sulphur         .......         0-019 

Fho»iihoru»  .......        0-(O7 

It  is  remarkable  tor  its  low  sulphur  and  carbon  content 
Probably  the  carbon  in  the  rolled  sheet  was  not  less  than  0-09 
per  cent.,  the  difference,  0'065  per  cent.,  having  been  oxidised  in 
the  annealing.  Fig.  7  is  reproduced  from  a  photograph,  natand 
size  of  this  sheet,  after  etching  with  nitric  acid,  1  to  10  water. 
for  ten  minutes. 

On  looking  at  the  original  illuminated  with  vertical  light, 
about  one-third  of  the  granules  appeared  bright,  and  on  moving  the 
plate  to  angles  of  10°  in  different  directions,  nearly  all  the  grains 
became  successively  bright— a  proof  that  the  molecular  crystal 
faces  were  nearly  coincident  with  the  Bat  surface  of  the  pUy 
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Hliglit,    and   tbey   approximate    closely   to   right    angles   to  t 
Burface. 

There  was  one  small  grain  at  the  centre  of  the  lower  portj 
with  crystal  faces  at  45°  to  the  surface,  and,  just  as  might  have 
been  expected,  cleavage  from  opposite  sides  stopped  on  each  side 
ot  this  grain,  atid  it  was  only  after  bending  this  grain  oackwunit 
and  forwards  that  the  two  pieces  could  be  separated. 

Strips  cut  from  this  sheet  could  be  pulled  out  and  elouy:aled 
nearly  30  per  cent,  before  breakini;,  and  stood  much  punishment 
supplied  in  all  directions  other  than  at  the  cleavage  lines  of 
weakness. 

By  heating  to  900°  C.  for  one  minute,  all  the  peculiarities 
vanished,  and  it  became  fine  grained  and  tough  in  every 
direction. 

II.   Inltr-Granuiar  Weaknens. 

There  has  not  been  sufhcient  evidence  to  enable  us  to  form 
dogmatic  conclusions  as  to  the  cause  of  inter-grauular  weakness, 
but  in  the  two  or  three  cases  examined  the  phosphorus  was 
found  to  be  excessive.     One  very  brittle  piece  contained : — 

Per  Cent. 
OnrboD  .......         OIMU 

Mang^DeK 0*31 

Hilioon  .......         tnwe 

Sulphur 0-063 

l-hoaplionii 0-283 

Ke-annealing  for  forty-eight  hours  did  not  restore   its   ] 
qualities,   but    it    changed    'As    character,   the   line   of    fractu 
traversing  both  through  the  grains  and  at  their  junctions. 


I 


How  TO  Prevent  Brittleness. 

The  whole  study  and  work  on  the  subject  of  crystalline  i 
was  made  in  order  that  we  might  ascertain  the  conditions  lei 
to  the  development  of  brittleness,  and  so  find  out  what  to  s 
and  also  to  ascertain  if  anything  could  be  done  afterwards  1 
any  special  treatment  to  convert  brittle  material  into  steel,  touj 
and  reliable.     In  the  more  recent  investigations  of  brittle  i 
the  following  facta  have  been  noted : — 

Ist.  Occasionally  one  end  of  a  sheet  may  be  tough  and  j 
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It  has  already  been  mentioned  that  sheets  of  22  and  higbei 
gauges  never  develop  rectangular  brittleness,  and  that  it  is  onh 
in  the  thicker  sheets  it  is  obtained. 

What  is  the  cause  of  this  difference?  Does  the  rolling  con- 
tinued beyond  a  certain  point  destroy  the  latent  arrangement  set 
up  before  tliat  point  is  reached  ? 

This  question  we  cannot  answer  with  our  present  knowledge. 

The  whole  problem  is  surrounded  witii  many  practical  diffi- 
culties, and  it  is  certain  that  until  we  have  means  at  hand  of 
practically  controlling  and  determining  the  temperature  forfor^-J 
eight  and  more  hours  of  the  annealing  pots  it  will  be  useless  b 
continue  the  study.  The  fact  that  contiguous  parts  of  the  a; 
sheets  differ  materially  in  brittleness,  the  composition  being  t 
same  in  each  part,  and  that  different  parts  of  the  pots  vary  S 
temperature,  would  lead  us  to  believe  that  proper  temperature  I 
the  all -important  factor. 

The  one  important  point  which  we  may  consider  to  be  » 
lished  is,  that  phosphorus  should  not  be  allowed  to  exceed  abc 
0-08  per  cent. 

A  sample  of  steel  which  was  exceedingly  brittle  in  rectangular 
lines,  and  which,  although  it  was  annealed  repeatedly,  still  main- 
tained its  brittle  cleavE^e  character,  contained — 

Per  Ceot. 
Carbon 0*11 

UangsDCH 0945 

SUicon trace 

Solphor 0-090 

Pbosphonu 0-128 

In  conclusion,  it  must  be  admitted  that  the  study  of  this  moat 
important  subject  is  not  only  of  the  highest  scientific  interest 
but  of  the  greatest  practical  importance.  It  would  be  well  if 
more  attention  was  paid  to  it,  and  it  is  hoped  that  the  resulta 
recorded  in  this  note  wDl  stimulate  others  to  follow  up  the 
investigation. 

The  writer  acknowledges  with  gratitude  the  valuable  co- 
operation of  Mr.  W.  R.  Lysaght. 
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important  papers  that  had  ever  been  preseiited  to  tlie  Institute. 
It  would  take  one  or  two  yeara  to  soak  in  before  steel  ineial- 
lui^ts  could  fully  appreoiatt!  its  value.  He  liad  read  it  mort 
than  once  with  the  greatest  possible  interest,  and  there  was  hd 
doubt  Mr.  Stead  had  struck  out  a  line  which  must  be  carefully 
followed  with  reference  to  the  crystallisation  of  iron.  With  the 
bulk  of  the  paper  and  the  facta  contained  therein,  ao  tar  as  he 
had  covered  them  persoually,  he  was  almost  entirely  in  accord 
witli  Mr.  Stead,  But  there  were  one  or  two  points  open  to 
criticism,  and  upon  these  he  would  like  to  make  a  few  observa- 
tions, because  they  were  rather  important,  and  he  much  regretted 
that  Mr.  Stead  was  not  present,  for  he  always  welcomed  criticism. 
Mr.  Stead  liad  remarked  that  when  he  (Professor  Arnold)  deter- 
mined the  crystallising  ^wiat  of  iron  he  had  concluded  that 
crystallisation  took  place  at  750  degrees.  What  he  did  say  wsb 
that  the  crystallising  poiut  of  iron,  the  point  at  which  the 
crystalline  activity  was  at  the  maximum,  was  coincident  with 
Ar2,  and  that  it  could  not  be  fixed  to  any  definite  temperature, 
because  so  far  as  they  could  observe  pyrometricaJly  it  ran  from 
720  to  750  degrees.  Ar2  presented  a  prolonged  evolution,  and 
he  believed  it  to  be  a  duplex  point,  because  it  generally  exhibited 
two  maxima.  Beyond  that  point,  Mr.  Stead's  results  seemed 
very  closely  to  have  proved  still  more  fully  the  fact  that  720  to 
730  degrees  was  the  crystallising  point  of  iron. 

Then  Mr.  Stead  gave  some  very  remarkable  results  in  chEinges 
of  structure  said  to  have  taken  place  as  low  as  600  degrees 
Centigrade,  which  appeared  to  he  opposed  to  the  theory  tbst 
crystallisation  could  be  associated  with  the  point  Ar2. 
most  of  the  samples  were  distorted  by  mechanical  means  befora 
they  were  heated,  and  under  such  conditions  any  metal  had  ft 
tendency  to  return  to  it^s  normal  crystallisation  when  raised  to 
a  low  red  heat.  That  fact  might  largely  explain  Mr.  Stead's 
reaulta.  At  any  rate  the  temperature  at  730  given  by  Mr. 
Stead  came  so  close  to  Ar2  that  they  might  regard  Ar2  as  tha: 
crystallisinj^  poiut  of  iron. 

There  was  just  a  point  with  regard  to  the  nomenclature  adopted 
in  the  paper  read  i*y  Mr.  Stead  at  the  last  meeting  with  wtiicb 
he  could  not  agree.  In  the  paper  put  before  them  that  morning 
Mr.  Stead  had  made  the  modification  which  he  bod  si 
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called  grains  they  must  do  away  with  crystals  altogetber.  He 
suggested  that  the  drawing  of  Mr.  Andrews  might  be  published 
in  the  Transactions  of  the  Institute. 

In  iutroducini,'  the  pajier  at  the  last  meeting  in  the  few 
minutes  allowed  Mr.  Stead  id  which  to  do  it,  he  stated  thai  lie 
had  obtained  results  which  led  him  to  believe  that  there  existed 
—he  believed  his  words  were — ■"  a  kind  of  Alpha,  Beta,  and 
Gamma  iron."  It  was  very  necessary  to  explain  clearly  in  the 
first  instance  what  Mr.  Stead  meant  by  that.  It  waa  necessaiy 
to  remember  that  Mr.  Stead's  supposed  modifications  were  in  no 
way  connected  with  the  Alpha,  Beta,  and  Gamma  controversy 
which  had  been  raging  so  lony.  The  Beta  iron  of  the  allotropista 
had  reference  to  an  alleged  fiint  bard  modification  of  iron  to 
which  it  was  stated  the  hardening  of  steel  was  mainly  due. 
Mr.  Stead's  idea  in  making  his  statement  was  that  there  mi^t 
exist  two  or  three  modifications  of  iron  all  soft  but  differently 
crystallised.  He  thought  that  was  perfectly  possible  ;  but  thej 
had  as  yet  hardly  an  atom  of  proof  that  such  was  the  case, 
Mr.  Stead's  ground  tor  that  atatemeut  seemed  to  be  the  size  of 
the  crystals  formed  at  varying  temperatures.  He  (the  speaker) 
thought  it  would  be  impossible  to  make  any  nllotropic  classifica- 
tion baaed  on  the  size  of  crystals.  To  prove  the  existence  of 
those  allotropic  crystals  two  things  must  be  done;  (1)  trinior- 
phiam  must  be  proved  micrographically ;  (2)  it  must  be  shown 
that  the  various  crystalline  modifications  presented  diCTerent 
mechanical  properties.  Now,  if  there  were  really  soft  Beta  or 
Gamma  irons,  those  should  be  cryatallised  so  as  to  be  recognised 
by  the  microscope.  Until  that  waa  proved  they  could  not  accept 
the  existence  of  those  allotropic  soft  modifications.  Something 
more  practical  must  also  be  done. 

If  the  proof  of  the  existence  of  allotropic  modifications  was  to 
be  of  any  use,  they  must  use  the  testing-machine.  The  testing- 
machine  was  the  House  of  Lords  of  metallurgists,  and  there  was 
no  appeal  from  it.  If  they  said  any  particular  metal  was  Beta 
iron,  and  yet  could  not  recognise  it  mechanically,  it  was  of  little 
use  knowing  anything'  about  it.  When  they  turned  to  Mr. 
Stead's  mechanical  tests  they  found  that  his  iron  when  quenched 
(1)  at  a  white  heat,  (2)  just  above  Ar2,  and  (3)  below  Ar2,  all 
gave  the  same  mechanical  results,  yet  Mr,  Stead  suggested  that   . 


160 


BRITTLKNESS   PRODCCEn    IN   SOFT    8TEKI,  BT    ANN'EALIIIG. 


on  the  table,  he  noticed,  however,  was  not  an  ordinary  plain 
annealed  sheet,  hat  one  that  had  been  galvanised  after  annealin!: : 
and  he  should  like  to  ask  Profeasor  Arnold  whether  the  crvs- 
tallisation  which  they  saw  in  that  specimen  might  not  have  been 
produced  by  the  acid  bath,  in  which  it  had  been  immersed 
previous  to  being  galvanised. 

Professor  J.  0.  Arnold  thought  that  such  chani^e  was  possible, 
but  be  did  not  think  that  this  specific  case  was  due  to  it.  For 
instance,  thin  cold  steel  which  was  pickled,  after  pickling  wa^ 
absolutely  brittle.  If  taken  up  to  a  low  red  heat,  it  bent  double ; 
so  that  pickling  must  affect  the  crystals.  But  he  did  not  think 
in  Mr.  Stead's  sample  the  brittleness  was  due  to  pickling.  He 
thonghl  it  was  due  to  mechanical  effect  producing  the  peculisr 
crystallisation  suggested,  or  rather  proved,  by  Mr.  Stead. 

Mr.  G.  J.  Snelcs,  Vice-President,  said  the  question  was 
whether  it  was  not  possible  that  the  zinc  itself  had  formed  the 
alloy  right  through  the  raaaa  He  had  worked  on  the  alloys  of 
zinc  and  iron,  and  he  knew  how  rapidly  the  zinc  would  find  its 
way  right  through  the  body  of  the  metal ;  and  he  strongly  sus- 
pected that  the  crystallising  effect  was  due  to  zinc. 

The  Prr.stbent  said  the  c[ue9tion  still  remained,  Why  should 
thousands  of  tone  of  sheets  stand  certain  tests  easily,  and  the 
same  class  of  sheets  fail  in  other  cases,  though  dealt  with  in  the 
same  way  ? 


Professor  Howe  said  that  this  phenomenon  which  had  been 
brought  forward  by  Mr.  Stead  was  of  scientific  as  well  as 
technical  interest.  This  rectangularity,  and  especially  the  posi- 
tion at  an  angle  of  45°,  with  the  length  of  the  plate,  i.e.  with 
the  direction  of  rolling,  pointed  very  strongly  to  the  inference 
that  this  cleavage  had  been  developed  in  the  rolling,  because  it 
tiie  rolling  were  to  develop  a  cleavage  at  all,  it  should  have 
this  position  of  •t5°  with  the  direction  of  rolling.  In  rolling 
there  was  a  powerful  longitudinal  pull ;  and  it  was  familiar  to 
the  members  that,  when  a  test  bar  was  pulled  in  two  in  a 
testing  machine,  the  facets  of  the  fracture  were  at  an  angle  ( 
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years  ago  he  had  some  experience  in  tio-plate  works,  and  they 
were  constaiitly  being  troubled  with  a  number  of  failures,  dnc  to 
this  extraordinary  fracture  of  sheets  at  46°,  and  they  were  not 
able  to  get  at  tiie  bottom  of  it.  It  occurred  not  only  in  tin 
plates,  but  also  in  biack  plates,  so  that  the  point  raised  by  Mr. 
Snelua,  tljat  it  was  due  to  the  alloying  of  the  zinc  with  the  iron 
in  galvanising,  could  not  be  the  cause.  They  often  had  great 
batches  of  sheets  without  a  single  failure,  and  then,  without  an; 
apparent  reason,  lai^e  numbers  would  fracture  in  stamping,  Ac 
Analysis  did  not  explain  the  matter. 

The  work  of  Mr.  Stead  seemed  to  have  practically  proved 
that,  under  certain  conditions  of  beating  and  rolling,  a  mole- 
cular change  took  place,  which  was  the  cause  of  this  weak- 
ness, and  that,  by  further  special  heat  treatment,  the  ductihty 
of  the  sheet  could  be  largely  if  not  entirely  restored.  To  do 
this  commercially  was  no  doubt  a  very  difficult  problem,  as  the 
uniform  heat  treatment  of  large  bulks  of  material  was  always  a 
very  difficuU  matter;  but  now  that  the  key  to  the  solution  had 
been  found  he  bad  little  doubt  that  the  great  ability  and 
untiring  energy  of  Mr.  Stead  would  lead  to  a  speedy  solution  of 
the  matter  on  a  commercial  scale. 

Mr.  Andrew  M'William  said  he  had  carefully  read  both  Mr. 
Stead's  and  Mr.  Saniter's  papers.  With  the  bulk  of  the  material 
he  entirely  agreed ;  but  he  wished  to  support  Professor  Arnold 
in  corinc-ctiou  with  this  matter  of  nomenclature.  Mr.  Sttad 
objected  to  the  term  "  crystal "  because  it  was  not  sufiiciently 
accurate,  and  quoted  Mr.  Bauerman's  definition  of  "crystal,"  but 
that  was  an  ideal  which  was  very  seldom  attained ;  and  if  Mr, 
Bauerman's  book  was  read  carefully,  he  recognised  that  fact,  and 
that  the  majority  of  the  cases  they  had  to  deal  with  were  more 
or  less  imperfect  crystals.  Nowadays  they  took  the  outside 
forms  and  facets  more  as  a  guarantee  of  what  the  molecuUr 
structure  was.  He  preferred  to  use  the  term  "  crystals  "  for  those 
little  bodies,  a  term  which  had  a  definite  idea ;  and  if  the; 
kept  before  them  the  idea  of  molecular  structure  only,  then 
they  might  continue  its  use.  If  any  one  felt  a  difficulty  in  using 
this  term  they  ought  not  to  go  to  the  term  "  grain,"  which  was  only 
accurate  because  it  was  so  indefinite  in  this  case  that  they  conld 


164     BBnTLEsyss  pkoduckd  is  soft  steel  BT  ANKEAUKO. 

to  find  a  hard  electro-iron  in  Sheffield.  Before  he  came  away  lie 
could  not  get  a.  sample  of  this  iron  to  t«st  it  properly.  But 
people  said  it  was  sometimes  very  hard,  and  would  scratch  gluss. 
He  took  some  of  the  Swedish  wrought  iron,  and  be  tested  that. 
and  it  scratched  the  glass  on  the  door  of  a  private  room  ;  so  tiiat 
to  say  that  a  thing  will  scratch  glass  was  not  definite  enough. 
That  was  a  matter  which  really  required  investigation.  He 
would  like  to  have  a  piece  of  this  hard  electro-iron,  so  as  to  test 
it,  and  see  what  its  hardness  was,  and  what  comparison  it  bad  with 
the  ordinary  soft  iron.  The  electro-iron  was  excessively  brittle 
hefore  heating  to  a  high  temperature,  and  that  might  have  led  to 
the  belief  that  it  was  hard  ;  and  the  scratching  of  glass  would  not 
do  at  all — they  must  do  it  with  the  ordinary  scale  of  hardness. 

Then  with  respect  to  Mr.  Saniter's  allotropic  modification.  So 
far  as  he  could  see,  Mr.  Saniter's  allotropic  modification  rested  on 
crystal lographic  grounds,  and  by  trying  Air,  Saniter's  angles,  and 
fitting  them  to  the  cubic  system,  he  did  not  think  there  were 
sutBcient  grounds  for  assuming  dimorphism.  The  angles  in  the 
faces  could  be  matched  by  faces  or  sections  of  cubic  crystals, 
the  angle  in  No.  20  being  exactly  a  face  of  either  a  tetrahedron 
or  an  octahedron,  which  were,  of  course,  typical  forms  of  the 
cubic  system.  No  evi<^Ience  had  yet  arisen  to  lead  beyond  the 
opinion  expressed  by  Dr.  Sorby,  the  pioneer  investigator  of  the 
micro-structure  of  rocks  and  of  metals,  that  the  crystals  observed 
in  sectioiiB  of  iron  probably  consisted  of  interfering  cubes  and 
octahedra,  where  they  indicated  any  crystal  faces  at  all. 

On  the  question  of  nomenclature  they  must  provide  something 
insleail  of  Mr.  Stead's  terms.  They  still  retained  the  name 
"crystal,"  and  the  phrase  "inter-crystalline  cohesion"  for  the 
cuheiion  between  different  crystals,  and  not  as  in  Mr.  Stead's 
use  of  it,  between  parts  of  the  same  crystal.  For  his  term  of  "  inter- 
eryatalline  weakness"  we  would  simply  use  the  ordinary  term 
"  cleiivnge,"  as  understood  in  mineralogy.  The  iron  had  developed 
a  cleavage,  just  us  the  fiuorspar  sometimes  developed  it  and 
sometimes  did  not,  and  as  the  analogy  between  steel  and  cer- 
tain igneous  rocks  had  been  fully  established,  they  adhered  in 
Sheflield  as  strictly  as  possible  to  the  present  usages  of  tuiner- 
alofty.  thus  avoiding  the  endless  confusion  obviously  created  in 
a  science  by  each  writer  acting  on  the  assumption  that  "  as  lung 
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Professor  Boberts-Austek  said,  with  reference  to  the  obaerrs- 
tiouB  of  hia  friend  Mr.  M'William,  that  it  was  some  jeara  aj?! 
Biuce  he  worked  in  his  own  laboratory,  and  he  only  wished  }]■ 
were  working  there  now.  Professor  AuBten  bad  made  a  great 
many  analyses  within  the  last  six  months.  He  had  taken  tbf 
greatest  possible  pains  to  eliminate  the  impurities  as  far  as  mighi 
be  possible.  It  wai?  easy  U>  deposit  iron  electrolytically  of  almost 
any  degree  of  hardness.  A  variety  of  iron  might  be  deposiud 
which  topaz  would  not  touch  ;  or,  on  the  other  hand,  a  variety 
of  iron  could  be  deposited  which,  while  it  appeared  to  be  perfectly 
coherent  and  metallic,  could  be  readily  scratched  by  calcite. 
How  much  the  hardness  depended  upon  the  presence  of  hydrogen 
he  was  not  in  a  position  to  say.  He  agreed  in  the  absurdity  of 
talking  of  hard  and  soft.  There  were  all  ranges  of  hardness  from 
that  of  top.iz  down  to  that  of  calcite. 


CORRESPONDENCE. 

Mr.  A.  H.  GOaANSSON,  of  Sandviken,  sent  the  following  com- 
raunication : — 

At  the  meeting  in  Stockholm  the  sample  of  brittle  steel, 
which  was  shown  as  au  illustration  to  Mr.  Stead's  paper 
on  "  Brittleness  produced  in  Soft  Steel  by  Annealing,"  was 
handed  over  to  me  by  the  kind  permission  of  the  President, 
and  I  now  beg  leave  to  return  it  with  thanks  after  having 
made  some  experiments  on  it.  I  have  cut  the  piece  of  sheet 
in  two  halves,  and  changed  the  quality  of  one  o!  them  to 
toughness  and  a  fine  grain  through  giving  it  a  short  white  heal 
of  about  one  minute's  duration.  The  possibility  of  changing 
coarse  steel  in  this  way  has  long  been  known  in  onr  annealii^ 
shop,  and  I  observe  from  Mr.  Stead's  paper  that  he  ts  also 
aware  of  it.  It  might  all  the  same  interest  members  of  the 
Institute  to  see  it  now  practically  carried  out. 

liegartUng  the  cause  of  the  original  brittleness  I  will  not 
venture  to  go  into  the  abstruse  theories  propounded  regarding 
the  influence  of  rolling.  I  wish  only  to  say,  that  I  doubt  veiy 
much  that  the  sheet  in  question  would  have  been  so  brittJe,  if 
it  had  not  from  a  certain  reason  obtained  its  coarse  grain. 
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tndk,  and  papers  like  this,  coming  from  an  entirely  independent 
man,  came  with  authority.  Bearing  tliis  in  miDil  therefoi^. 
he  would  like  to  call  special  attention  to  what  waa  tceHf 
the  outcome  from  a  practical  point  of  view  of  Mr.  Stead'i 
researches. 

He  thought  that,  together  with  what  evidence  had  goH 
before,  it  would  now  he  freely  admitted ; 

(1)  That  structure  alone  had  such  a  powerful  iuSuenca  as  til 
be  fully  able  to  produce  brittleiiess,  even  with  exceptionally  piot 
material. 

(2)  That  the  hest  temperature  from  which  material  should 
be  allowoil  locool,  in  order  to  yield  heterogeneous  structure,  wai 
about  900°  C,  from  which  temperature  it  should  cool  fair^ 
rapidly,  say  "naturally,"  as  in  the  open  air.* 

(3)  That,  as  in  the  other  matters,  so  with  annealing,  one  cas 
have  too  much  of  a  good  thing. 

(4)  That  the  peculiar  form  of  brittlenesa  specialty  described' 
in  this  paper,  which  might  he  termed  "  rectangular  brittleness," 
was  essentially  a  production  of  the  user  not  the  maker. 

It  would   l»e  remembered  tLat  in  the  writer's  own   paper  ( 
"  Brittleness  in  Soft  Steel,"  given  in  May  last,  in  which  he  hi 
dealt  with  four  types  of  brittleuess,  two  well  known  aud  two  lesa 
recognised,  much  of  tlie  same  ground  was  covered,  and  many  of 
the  same  couclusiona  arrived  at,  although  Mr.  Stead  and  himself 
had  been  approaching  the  subject  from  opposite  ends.    Mr.  Stead 
had,  in  the  lirst  place,  by  micro-examiuation  of  the  brittle  and 
rolled  sheets,  deduced  what  had  taken  place.      He  himself  liad, 
by   two  distinct  types   of  treatment,    under    knmtm    conditiuna,  J 
synthetically  produced,  in  the   softest  and  purest  steel   made  1^1 
well-known  firms  by  various  processes,  brittleness  which  exacllfV 
resembled  and  was  probably   identical  with  two  distinct  typeal 
met  with  in  actual  experieuce,  of  which  samples  were  shown. 

lu  both    the  naturally  and   artificially  produced  samples  tl 
brittleness  was  removed  and  toughness  completely  restored  by  tliA  I 
same  means  as  Mr.  Stead  found  auswer  with  rectangular  brittle- 1 


*  Thu  eouflnneii  wh&t  tlie  w 
DSH  by  buting  tu  "  obrrrj  nnli 
but  nut  to  blue  IimC"  Iu  funt 
1000  Mid  TOO'  Q. 
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Mr.  Stead  said,  "  these  changes  are  not  effected  rapidly,  tune 
is  an  important  factor,"  but  this  it  should  be  clearly  undeistood 
referred  only  to  granular  development  between  600°  and  750°  C, 
as  at  the  higher  temperatures,  as  shown  above,  the  aame  changes 
took  place  quickly. 

Mr,  Stead  had  shown  that  the  '"  rectangular  brittleness  "  which 
he  had  specially  described,  was  due  to  intercrj'stalline  weakness, 
and  the  writer  trusted  he  would  not  he  regarded  as  in  any  wny 
implying  that  the  investigation  of  this  kind  of  brittleness  was  of 
minor  importance,  if  he  suggested  that  it  might  prove  that  this 
was  7M>(  a  distiiut  type  of  brittleness,  but  only  a  particular  /orai, 
which  it  assumed  in  plates  or  sheets,  but  produced  by  the  same 
forces  which  produced  the  two  types  of  brittlenesa  he  had  himself 
described. 

Indeed  he  had  found  identically  the  aame  treatment  did 
produce  quite  different  effects  in  diflerent  sections;  as  oue 
instance  of  which  he  might  refer  to  sample  No.  42,  which  was 
|-inch  diameter  round  rod,  and  sample  No.  -13,  which  was  p»rt 
of  a  test-piece  of  ^-iach  plate  (both  shown  on  Plate  VI.  of  his 
own  paper),  which  were  both  suspended  side  by  side  for  the 
same  length  of  time  in  the  same  ingot  furnace,  but  No.  43 
broke  far  more  easily  and  showed  a  much  coarser  fracture  than 
No.  42. 

It  was  a  question  to  him,  however,  whether  oxygen  *  did  not 
play  a  part  in  a  good  maay  cases,  at  least  in  the  production 
of  large  grains  and  brittleness,  both  intergranular  and  in^r- 
crystalline,  whether  the  molecular  or  granular  structure  was 
symmetrical  or  not,  in  short  that  (excluding  shock  at  blue  beat), 
there  were  three  factors  :  Time  x  Temperature  x  Oxygen,  and  he 
should  like  to  ask  Mr.  Stead  whether  he  had  tried  the  effect  of 
heating  for  forty-eight  hours  to  from  600°  to  750°  C,  when  the 
absence  of  oxygen  was  absolutely  assured. 

For  his  owti  part,  in  all  the  experiments  he  had  made  in  the 
production  of  brittleness  accompanied  by  large  grains,  oxygen 
had  been  present,  except  perhaps  in  the  case  of  Experiment  39. 
wheie  a  rod  was  heated  five  minutes  in  cupola  slag,  and  of  40, 
where  it  was  heated  twenty  seconds  in  molten  steel ;  also  to 

I,  but  to  It  by  whMaxi 
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being  along  the  two  outside  edgea  of  large  graiua  of  fertite,  the 
grains  in  the  inner  portion  heing  very  much  smaller. 

In  a  sample  of  wire,  too,  which  showed  a  streak  of  red-sliort- 
nesa  up  one  portion  of  the  circumference  corresponding  to  one 
corner  of  the  billet  from  which  it  bad  been  ro.led,  and  which 
had  evidently  been  burnt,  thus  proving  that  oxygen  had  been  at 
work,  there  was  a  large  V-shaped  segment  of  ferrite  extending 
iuward  almost  to  the  centre. 

These  were  only  a  few  of  the  instances  that  could  be  quoted 
Indeed  it  became  a  question  whether  in  soft  steel  consisting  ae  it 
did  almost  wholly  of  ferrite,  and  hence  depending  lar  more  for 
its  strength  or  weakness  upon  its  structure,  i.c.  size  and  arrange- 
ment ot  grains,  than  upon  its  composition  (considering  the  narrow 
limits  within  which  this  varied),  annealing  for  a  long  period  in 
the  manner  practised  was  beneficial.  It  was  all  very  well  for 
hard  steel  where  it  was  necessary  to  give  time  to  form  laminated 
perlite  structure.  In  all  the  brittle  specimens  the  writer  quot«d 
in  his  paper,  toughness  was  completely  restored  by  heating  for  a 
moment  to  cherry  redness,  and  either  chilling  in  water  or  allow- 
ing to  cool  rapidly  in  the  air. 

Treatment  similar  to  this,  Mr.  Stead  said,  completely  removed 
brittlenesa.  Might  not  some  such  treatment  with  rapid  heating 
suffice  and  save  the  expense  of  annealing  pots,  oec.  ?  There  was 
no  doubt  that  not  only  rapid  cooling  but  rapid  heating  gave 
smaller  grains,  vide  in  his  own  paper  billet  Nos.  29  and  31, 
which  bad  been  heated  up  rapidly,  viz.  in  quarter  of  an  hour,  as 
compared  with  No.  23.  Thus  by  very  rapid  Iteatitig  of  the  sheeU 
singly  or  only  a  few  at  a  time,  the  other  necessary  conditions, 
such  as  avoidance  of  heavy  scale,  &c.,  might  be  complied  with 
and  yet  the  desired  effect  obtained. 

As  regarded  the  suggestion  in  the  latter  part  of  Mr.  Stead'B 
paper,  rerolling  sheets  at  an  angle  of  15  degrees,  to  which  Mt. 
Stead  himself  saw  objections,  many  other  ways  might  occur  of 
producing  the  same  effect,  viz.  a  sheet  iu  which  the  flow  i 
not  symmetrically  disposed  along  straight  lines,  such  for  inatanoa  I 
as  by  forming,  tapering,  hemispherical,  or  other  suitably  shaped  1 
projections  of  the  nature  of  xagging  upon  the  alab,  so  that  t' 
rolling  down  of  these  portions  would  give  a  curved  or  irregnlirj 
flow. 
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not  to  obtrude  those  opinions  on  tbem,  besides  he  feared  he  lii 
already  exceeded  the  length  of  ordinary  discusaion. 

Mr.  Stead,  in  reply,  sent  the  following  communication : — 

In  answer  to  the  objections  by  Professor  Baueruian,  Professor 
ArnoM,  and  Mr.  M'William  to  the  term  (frain  as  a  substituK 
for  crystal  in  describing  granular  substances,  he  would  ouly  gay 
that  before  writing  hia  paper  he  had  consulted  various  mineralo- 
gical  works,  and  had  used,  he  believed,  some  of  the  t«mi5  of 
mineralogists,  at  least  the  terms  given  in  their  books,  and  is 
this  he  bad  acted  according  to  the  advice  of  Professor  Bauermaa. 

It  was  believed  by  some  that  the  grains  in  iron  were  really 
true  crystals,  and  that  if  they  could  be  separated  completelf 
from  each  other  and  properly  measured  they  would  be  found 
have  some  of  the  angles  and  faces  of  true  crystals ;  but  the  reai 
of  most  careful  measurement,  and  the  examinations  of  sectioni, 
have  led  to  the  positive  conclusion  that  they  have  no  crystalline 
form,  and  that  if  they  were  separated  and  laid  side  by  side,  thef 
would  without  exception  be  called  grains  by  every  ntetallurgiK 
and  mineralogist  in  existence.  Why  on  the  face  of  sm 
acknowledged  facta  can  objection  be  taken  to  their  being  cal 
grains  when  they  adhere  together  and  form  a  compact 
they  do  in  iron  ? 

Mineralogists'  terms  are  alear  enough  in  their  books,  for 
referring  to  them  we  find  that   Professor  Bauerman   says   that 
"  Quartzite  and  statuary  marbles,  for  instance,  are  aggregates  of 
particles  of  quartz  and  calcite  into  masses  of  a  slaty  or  granular 
texture,  in  which  their  proper  forms  are  entirely  lost."     If 
interpret  a  particle  to  be  the  same   thing  as  a  gn 
fairly  claim  that  the  terms  applied  to  these  rocks  justify  ua 
also  calling  the  particles  grains  in  the  "  rock   iron,"  ii 
the  proper  form  of  the  crystal  is  entirely  lost.      Every 
and  grain  in  quartzite  and  marble  is  cryatalline,  but  the  parti< 
are  granular  and  justifiably  called  granular  by  mineralogists. 

Ill  the  "  Elements  of  Mineralogy,"  James  Nichol  (Professor 
Natural    History  in  the  University  of   Aberdeen),  on   page 
says : — 

"Crystals  have  oftan  been  produced  under  conditions  prerenl 
ing  the  free  development  of  their  forms.     They  then  com] 
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even   grained   holocrystalline    rocks."     The   rocks    are  genewily 
medium  or  mlher  coarse,  grained. 

Througliout  the  whole  of  this  most  valuable  little  work  we 
find  repeated  over  and  over  again,  in  describing  the  structure  of 
different  rocks,  the  terms  fine  grained,  coarse  grained,  and  in  the 
majoritj  of  cases  the  terms  are  applied  to  crystalline  grains. 

Judging  from  all  these  authorities  we  are  bound  to  conclnd; 
that  mineralogists  clearly  mean  that  if  the  crystalline  particlps 
in  a  holocrystalline  rock  have  no  regular  form,  these  forms  should 
be  called  grains,  and  not  crystals.  It  was  after  the  prolonged 
study  of  the  structure  of  the  particles  difTerently  orieated  in 
iron  which  led  him  to  the  belief  and  conviction  that  it  would 
be  better  to  use  the  mineralogical  terms  of  mineralogists,  exactly 
in  conformity  with  the  advice  given  by  Professor  Bauermau  at 
Stockholm. 

Let  us  now  refer  to  the  nomenclature  used  by  the  leading 
metal lographers,  Professor  Ariioid  and  Mr.  Andrew  excepted. 

Professor  Martens,  in  his  excellent  paper  on  the  Micros tructuie 
of  Ingot  Iron  in  Cast  Ingots,  Chicago  Meeting,  August  1893,  con- 
tinually uses  the  terms  grain  and  granidar.  Mr.  Osmond  had 
already  been  quoted  in  the  paper.  Mr.  Charpy,  in  his  papers  on 
the  microBtructure  of  alloys,  also  uses  the  term  ffrain.  Mr. 
Sauveur  in  his  paper  on  Micro  structure  of  Steel,  Chicago  Meeting, 
1893,  always  uses  the  terna  grain  and  not  crystalline  grain. 
Mr.  Howe  is  evidently  in  accord  with  other  nietailc^rapheri. 
for  in  a  paper  published  in  the  Engineering  and  Miniiig  Journal 
(Dec.  7,  1895),  page  537,  he,  in  conjunction  with  Mr.  Sauveur, 
uses  the  term  gr/nn  instead  of  the  less  expressive  term  cryaial. 

Practically  the  bulk  of  grains  referred  to  in  miueralogical 
works  are  crystalline,  and  the  term  grain  —  unless  qualified 
by  some  such  term  as  oolitic,  &.c. — may  rightly  be  understood  to 
be  a  crystalline  grain.  All  metals  are  crystalline,  and  tlie  'jraios 
must  also  be  and  are  crystalline,  but  tliey  are  not  crystals  ac- 
cording; to  the  mineralogists'  definition.  We  may  be  and  are 
quite  justified  in  calling  them  grains  without  qualification;  a 
qualification  would  only  he  needed  if  in  any  exceptional  i 
they  were  found  not  to  be  crystalline. 

Professor  Arnold's  definition  of  a  grain  as  being  %  series  i 
rouniled  bodies  surrounded  by  a  cement,  does  not  appear  to  be  tj 


178        nUIITLENKSS   riiOPDCEI*   IS   SOFT   5TEEI,   BY   ANNEALING. 

foTiued  by  the  junction  of  three  edges,  and  it  may  be  a  cube,  an 
octahedron,  a  rhomboid,  or  a  tetrahedron,  &c. 

The  statement  then  holds  good  that  the  equilateral  triangLei 
seen  in  martensite  are  not  absolute  proof  of  the  presence  of 
octahedrona  or  cubes, 

The  terminal  angles  and  faces  of  crystals  are  really  wauted 
for  careful  measurement.  Professor  Bauermau  suggests  that  «e 
should  get  well-formed  crystals  and  measure  the  angles.  Thai 
is  excellent  advice — get  them,  but  when  we  remember  that 
since  Professor  Bauerman  and  other  mineralogists  before  him 
first  commenced  the  study  of  the  structure  of  iron,  they  have 
never  got  them.  Get  them  by  all  means  if  you  can,  but  do  not 
throw  cold  water  on  the  efforts  of  those  who  endeavour  to  get 
at  the  truth  without  having  to  wait  perhaps  for  untold  genera- 
tions for  the  big  things  to  turn  up. 

In  his  book  Professor  Bauerman  states  that  iron  crystallines 
in  the  cubic  system,  and  every  test-book  ou  iron  has  the  same 
statement.  If  every  one  of  the  authorities  who  have  studied 
the  question  and  written  upon  the  matter  in  the  past  are  wrong, 
then  he,  Mr.  Stead,  congratulated  himself  he  was  in  good  com- 
pany, if  he  was  also  wrong.  He  claimed,  however,  contrary  to 
Professor  Bauerman 's  contention,  that  if  the  six  sides  of  a  closed 
geometrical  solid  obtained  by  cleavage  developed  perfectly  square 
figures  on  etching,  as  he  had  shown  was  the  case  with  iron,  sucb 
evidence  must  be  considered  of  value,  and  some  proof  of  the 
solid  being  a  cube  or  part  of  a  cube. 

The  statement  of  Professor  Arnold  that  he  (the  author)  seemed 
to  have  based  his  conclusions  about  allotropic  condition  on  tlie 
relative  size  of  the  grain  in  the  three  states  is  not  consistent  with 
what  was  stated.  Nothing  of  the  kind  was  suggested,  neither 
had  he  suggested  that  iron  quenched  from  above  900°  to  750 
were  in  the  beta  and  gamma  condition  when  cold. 

The  hypothesis  that  t!ie  thermal  arrest  (Ar2)  is  due  to  tbe 
crystallisation  of  iron  has  been  exploded  in  the  paper  by  the 
observation  that  the  change  was  proved  to  take  place  in  carbon- 
less silicon  steel,  an  observation  wliicli  Professor  Boberta-Auatea 
was  kind  enough  independently  to  confirm,  and  the  change  »a» 
unaccompanied  by  any  alteration  whatever  in  the  crystalline 
structure.     No  notice   was  taken  in  the  discussion  of  this  im 
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hardness  of  chilled  steel  is  a  fUDction  of  the  carbides  difTused  in 
the  steel,  the  allotropists  admit  and  do  not  dispute.  Their  posi- 
tion is,  that  the  carbides  in  carbon  steels,  when  quenched  afier 
heating,  retain  to  a  certain  e?:tent  the  allotropic  states  which  are 
produced  by  heating.  Although  this  hypothesis  has  not  betn 
proved  beyond  doubt,  it  is  important  that  we  should  acknovleilgt: 
the  known  proved  facts  upon  which  it  is  based. 

The  carbonists  have  no  proof  that  the  magnetic  and  thermil 
changes  at  Ar2  are  not  allotropic ;  the  evidence,  if  we  ac£epi 
Professor  Roberts-A  us  ten's  definition  of  allotropy,  is  a  proof  o( 
allotropy. 

The  same  remarks  apply  to  the  change  in  electric  conductivit;, 
the  thermal  change,  and  lastly  the  marvellous  structural  revolu- 
tion which  the  author  has  shown  takes  place  at  the  higher  point 
Ac3. 

All  the  evidence  appears  bo  point  to  the  iron  being  differeai 
allotropically  between  750°  and  900°  C,  to  what  it  is  at  when 
cooled  slowly  to  under  700"  O. 

The  question  as  to  whether  or  not  these  allotropic  chao^ 
are  retained  by  the  influence  of  carbon  or  carbon  plus  nickel  and 
manganese,  has  not  been  discussed  in  the  papers  of  the  writer. 

He  considered  that  the  two  opposing  parties  were  now  so 
nearly  in  accord,  they  might  now  lay  down  the  ase  and  join 
hands  in  the  search  for  the  missing  links.  Both  the  carhidM 
and  allotropy  may  have  eq^ually  important  functions,  and  to 
discuss  as  to  which  should  hold  the  most  important  positiuu 
reminds  us  of  the  discussion  of  the  organist  and  the  blower  aa  Ut 
who  was  responsible  for  the  music.  No  doubt  each  party  will 
believe  they  are  the  musicians;  the  allotropists  because  the; 
rightly  claim  that  the  allotropic  changes  take  place  iudependeutlr 
of  the  carbon,  and  the  carbonists  with  equal  right  that  tbe 
intense  hardness  cannot  be  obtained  without  tbe  carbon. 

He  (Mr.  Stead)  welcomed  truth  from  whatever  source  it  came, 
and  had  repeatedly  maintained  that  the  proper  understanding 
of  hardening  would  only  be  arrived  at  after  much  investigalioii. 
Believing  a  thing  did  not  make  it  true,  and  he  would  suggest 
that  we  should  bear  that  in  mind. 

In  answer  to  Mr.  Snelus'  query,  as  to  whether  zinc  is  not 
responsible  for  the  development  of  brittleness,  it  cannot  be  said 
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carboQ,  which  was  located  in  a  large  number  of  microscopic 
pearlite  areas  at  the  joints  of  the  grains,  had  io  the  annealw 
specimens  diffused,  breaking  up  the  structure  of  the  large  gnim 
as  far  as  it  had  penetrated  into  the  grains,  but  in  many  cases 
leaving  their  central  portions  unaltered.  On  breaking  tlie 
polislied  and  etched  specimens  of  the  brittle  material,  fracture 
passed  through  the  grains ;  the  junctions  appeared  to  be  fairly 
strong. 

Judging  from  the  fact  that  carbonless  coarse  structured  iron  is 
broken  up  into  finer  grains  by  heating  to  a  little  above  the  poml 
Ac3  900"  C,  aud  that  the  same  breaking  up  occurs  at  lower 
temperatures  in  presence  of  carbon,  it  would  almost  lead  m  to 
believe  that  a  change  to  gamma  iron  occurs,  and  that  the  lot- 
mation  of  this  gamma  iron  is  coincident  with  the  breaking 
up  or  refining  of  the  grain. 

It  is  not  suggested  that  because  gamma  iron  may  be  formed 
at  760°  or  900°  0.  it  necessarily  remains  gamma  iron  when 
cooled  to  15°  0. 

The  conclusion  formed  at  Stockholm  that  very  soft  steel  was 
best  annealed  by  heating  for  a  short  time  at  a  high  initial 
temperature  was  in  accordance  with  the  results  given  in  his 
paper. 

Mr.  Kidsdale  discusses  the  question  from  a  practical  standpoint, 
and  suggests  that  the  form  of  the  rolls  might  be  so  altered  as  to 
cause  the  steel  to  flow  in  other  than  exactly  straight  lines  when 
being  reduced  in  thickness.  We  shall  all  be  glad  if  Mr.  Ridsdale 
develops  his  suggestion  into  a  practical  form  so  that  a  trial  could 
be  made.  He  suggests  that  oxygen  may  be  responsible  for  the 
development  of  coarse  granular  structure.  It  may  have  some- 
thing to  do  with  it,  and  we  shall  be  very  glad  to  receive  from 
Mr.  Ridsdale  experimental  evidence  to  prove  it. 

It  should  be  pointed  out,  however,  that  soft  steel  becomes 
coarse  grained  on  cooling  down  in  a  slag  ball  out  of  contact  witii 
oxygen.  We  know  very  little,  and  much  work  is  yet  required 
to  be  done  before  we  get  at  the  truth. 

Mr.  E.  H.  Saniter  sent  the  following  reply  to  the  dis 

I  cannot  see  what  objection  there  is  to  the  application  of  t 

word  "  grain "  to  the  irregular  subdivisions  of  a  mass  of  sU 
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It  appears  to  me  that  the  balance  of  evidence  is  against  the 
rhombic  figures  being  sections  of  cubes.  We  know  that  normal 
iron  exists  as  cubes,  and  that  these  are  disclosed  as  cubes  on 
etching,  and  I  fail  to  see  why  we  should  distrust  similar  evidence 
in  another  case. 

The  President  said  they  had  seldom  had  a  more  interesting 
paper,  and  Mr.  Stead  deserved  their  warmest  thanks. 

A  cordial  vote  of  thanks  having  been  passed  to  Mr.  Stead, 


Tlie  President  called  upon  Professor  Arnold  to  read  his  paper 
on  the  "  M  icro-Ciiemistry  of  Cementation." 
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I'HAcTicAL  Details  of  Cementation. 

The  furnace  in  which  the  bars  herein  described  were  converteJ 
contains  two  pots,  each  holding  about  13  tons  of  steel.  The 
average  quantity  of  charcoal  used  per  heat  was  about  200  bushels; 
the  quantity  of  special  coal  consumed  being  about  15  tons  pei 
heal.  The  arch,  which  is  turned  over  the  bars  and  charcoal  to 
make  the  stone  pots  or  chests  air-tight,  is  about  6  inches  thick. 
being  composed  of  "  wheel-swarf,"  made  by  steel  grinders,  and 
consisting  of  silica  from  the  stone  mixed  with  rust  and  particUa  J 
of  free  iron.  On  heating,  this  material  becomes  dense,  andf 
owing  to  a  further  oxidation  of  the  involved  steel  particles  it  1 
alightly  expands,  and  hence  does  not  readily  crack.  For  mild 
heats  the  furnace  ia  fired  for  about  eight  days,  for  medium  henU 
about  9^  days,  and  for  hard  heats  about  eleven  days.  After 
firing  the  furnace  is  banked  up,  and  the  crucible  is  allowed  to  cool 
down  during  a  period  of  about  fourteen  days.  For  a  portion  oi 
the  period  last  named  the  conversion  is  still  actively  proceeding, 
because  the  mass  haviug  to  cool  fi'oni  an  initial  temperature  o( 
about  1000°  C,  necessarily  remains  for  some  time  at  a  full 
red  heat. 

Classification  of  Cemented  Bars. 

Cemented  bars  are  usually  classed  in  six  grades,  namely, 
Nos.  2,  3,  4,  6,  6,  and  "  glazed  "  or  doubly  converted  bar,  which 
might  be  called  No.  7.  The  advent  of  mild  steel,  manufactured 
by  the  open-hearth  and  Bessemer  processes,  has  rendered  Ka  ' 
bar  practically  obsolete.  It  probably  contained  little  more  thu 
0'3  per  cent,  of  mean  carbon,  and  on  account  of  its  mildness 
known  as  "  Irish  temper."  The  bars  are  sorted  by  eye,  a  pro 
cess  demanding;  intuitive  skill  and  no  little  experience. 
dealing  with  cemented  bar  the  carbon  colour  test  is  of  v( 
limited  value,  so  far  as  every-day  work  is  concerned,  at  any  n 
in  the  lower  numbers,  in  the  different  layers  of  which  the  carboi 
varies  i;reat!y.  Indeed  in  tliia  matter,  the  practical  "rule-08 
thumb"  man  has  more  than  held  his  own  against  the  invadj 
march  of  the  analytical  chemist.  Mild  converted  bars  are 
recognised  from  the  fact  that  their  centres  contain  a  core 
"  sap,"  that  is,  practically  unchanged  iron.      On  the  other  hanj 
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the   involved   slag  "  fibres,"  which   in   the   longitudinal  aectiaii 
would  of  course  appear  as  elongated  streaks. 

No.  2  Bar. — The  3  inch  by  J  inch  bar,  after  cleaning  tnift 
settle,  was  sampled  from  the  outside  to  the  centre  in  twelve  am 
taken  on  the  planing  machine.  Each  sample  thos  contained  t 
layer  of  about  002  inch  in  thickness.  The  approximate 
carbon  in  each  layer  is  tabulated  below  (Table  I.),  and  its  dj»* 
tribution  is  shown  graphically  in  Fig.  1.  The  co-ordinates  rf 
this  curve  are  depths  in  inches  and  carbons  in  percentage,  the 
observed  points  being  placed  in  the  centre  of  each  layer.  (In 
this  curve  for  the  sake  of  uniformity  the  points  are  the  mean  ot 
two  observations  at  0'2  inches  apart,  and  are  hence  placed  O'04 
inches  apart.) 

Table  I.   (No.  3  Bar). 


o.—    1  ■rijr.- 

perCmt. 

1  (outiidv)                        0-02 

o-ns 

2                                0-04 

3                                0-00 

0-78 

*                    0-oe 

5                                0-10 

0-50 

6(me<)iiiii)                        0-13 

11-3U 

7                            0-H 

0-37 

R                 1              O'lS 

0-31 

t>                                0-lS 

0  18 

10                 1              0-20 

0-15 

11                            0-23 

010 

12  (o«ut™)        -             0-24 

o-io 

HMD  nrboD  in  b>1f  Ur,  0'4e 

l*r  cent. 

Ifolt.—ThU  b«  t*  mther  milder  tbati 

nij  .vemge  No.  2. 

The  varying  micro-structure  of  No.  2  bar  is  well  exemplifia 
in  sections  2,  3,  and  4.  These  sections  have  not  been  etched 
with  acid,  their  structures  being  very  clearly  thrown  up  by  the 
action  of  the  rouge  and  kid-skin  employed  for  the  last  polishing 
process,  which  tints  the  feriite  blue,*  leaving  the  cemeatit 
brilliant  white  and  slightly  in  relief. 

Section  2  consists  of  ferrite  (the  middle  tone),  dark  slag  dot 
and  a  single  patch  of  pearlite  surrounded  by  thick,  irregnll 
walls  of  white  cementite. 

'  Thii  praoou  doe*  not  d«Telop  the  junctioiu  Wween  the  orjitalliDe  gniat  of  btm 
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Section  G  shows  the  junction  of  the  layer  last  Qfimed  with  th; 
saturated  steel  forming  the  centra]  layer  of  the  bar  and  ron- 
Biating  ot  irregular  polygons  of  pearlite,  the  junctions  of  whicli 
are  however  by  no  means  distinct. 

No.  4  Bar. — The  sampling  of  this  bar  was  carried  out  esactly 
aa  in  the  case  of  No.  3  Bar.  The  carbon  results  are  contained 
in  Table  III,,  and  are  graphically  plotted  in  Fig.  3. 

Tadlb  III.  (No.  4  BAa). 


Section  6  is  from  the  outsidt;  of  the  bar,  and  present  a 
greyish  stippled  background  of  normal  pearlite  in  which  the 
surplus  cenientite  occurs  in  very  varying  forms ;  iu  some 
as  heavy  streaks,  in  others  as  reinaikably  regular  laminie. 
centre  of  the  bar  has  not  been  figured  from  lack  of  time, 
shows  a  supersaturated  steel  iu  which  the  cemeutite  is  not 
meshed,  hut  has  segregated  into  iiTeguiar  streaks. 

No,  5  Bar. — This  was  of  fairly  uniform  carbon  throughout,  tfc 
mean  percentage  being  nearly  1*6. 

Its  typical  structure  is  shown  in  Section  7.  It  consists  I 
large  pearlite  polygons  enveloped  in  somewhat  thick  membr&B^ 
of  cementite,  a  coosiderable  amount  of  the  latter  also  appeariq 
in  Btreaks  and  laminte  in  the  interior  of  the  potygoas. 

No.  6  Bar. — -This  also  was  of  almost  uniform  carbon  throttgl 
out,  the  mean  percentage  being  about  1'8. 

Section  8  shows  the  micro-structure  characteristic  of  'So. 
bar.  The  constituents  are  identical  with  those  desGribe<l  (i 
Section  7,  The  quantity  of  cementite  present  is,  however,  i 
course  considerably  greater,  and  it  seldom  presents  such  a  perfsi 
sectional  mesh-work  as  that  characteristic  of  No.  5  Bar, 
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Tablb  rV.  (No.  4  Bah  aftkb  "Aibiso  ").      • 


D*plhinWB« 

Hem  t^boii 

perOBDt. 

OiKt 

1             Oflfi 

030 

0-08 

I'M 

0-13 

1-15 

0-H 

1-45 

O'lS 

1-.18 

10 

1             0-30 

11 

0-23 

1-35 

12  (osntra) 

0-24 

l-!6 

HeMi<« 

boil  in  hnlf-hnr.  1-04 

]■«[  Mtlt. 

Section  11  shows  the  abrupt  junction  ot  tlie  decarbonised  a 
layer  of  the  aired  bar  with  the  hard  steel  lying  about  oue^teol 
an  inch  below  the  surface.     The  median  layer  presents  the  i 
structure  of  well-superaaturated  steel.     The  outer  layer,  ] 
consists  of  ferrite  mixed  with  streaks  and  dots  of  oxide  of  j 
The  crystalline  joints  of  the  iron  do  not  appear  because  ojl 
light  etching  to  which  the  sample  was  subjected  iu  order  i 
obscure  tlie  structure  of  the  pearlite  in  tlie  carbonised  regimi] 
over-etching.     On  deeply  etching,  the  ferrite  developed  jum 
bounding  large  crystalline  grains,  some  of  them  being  cemo 
together  with  oxide  of  iron.     These  crystals  were  of  that  oc^w 
and  radial  form  described  by  Mr.  Stead  in   his  paper  on  ' 
Crystalline  Structure  of  Iron  and  Steel,"  thus  confirming  his  v 
as  to  the  peculiar  structure  of  decarbonised  surfaces. 

The  general  results  obtained  during  tlie  present  invec 
are  set  forth  in  Table  V. 

Tablb  V. 


HkMrwL 

HnnOubon 

por  Cent. 

Remnrkii. 

BtriroD       . 

D-OG 

Ns.Sbu*. 

0-4G 

N*.8hw-.        .        . 

1'I3 

Three  iliiClnot  lay  em. 

No.  *bM-'. 

1-SS 

No,  Sbtt     .        .        .        . 

Praolioally  unifonn. 

Prncliullj  uniform. 
FJrly  uDifoTHi. 

Olued  Ur  . 

1-00 

Aired  bw     .... 

i-ot 

Three  diilinct  Ujen. 

*  The  true  meui  oarbuui  in  bui  No*.  S,  3,  Bad  4.  wiil  be  rnther  bigher  tfann  tha 
MiaUlod,  owiogtotheiiemaDtiitionprDDeediuE  via  theflget  of  the  ban,  from  which  tt 
urbon  penetntci  in  direeiioni  nt  right  anglei  to  Iboie  of  the  maiii  couTemoni  pr 
eeading  via  the  flat  ■urficei  o(  the  bun. 


SicnoN  I. 


>!VN". 


V 


:] 


SrrrvMi  5 


1 


.*>  •< 


SrmoK  ? 
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SccnoN  n 


I 


I*— — ««»— H»  I 
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Soma  of  these  provisional  conclusioiis  have  been  strengthened 
by  remarkable  results  communicated  to  the  author  by  Mr.  K  W. 
Winder,  F.E.M.S.,  of  the  Continental  St«el  Works,  Sheffield.  He 
found  that  small  bars  could  be  cemented  up  to  the  Batuntion- 
point  very  quickly,  but  that  afterwards  supersaturation  proceeded 
at  the  rate  of  only  about  0*05  per  cent  of  carbon  per  day. 
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Arnold  ;  his  coDtention,  as  opposed  to  Profesaor  Arnold's  vie*, 
being  that  the  fact  that  at  a  defiDite  temperature  iron  is  satuistei! 
by  0"9  per  cent,  of  carbon,  does  not  afiurd  tlie  slightest  evidence 
of  the  existence  of  the  supposed  compound  Fe^C 

Mr.  A.  Gbeiner,  Member  of  Council,  said  it  was  just  a  T«ar 
^o  at  the  Congress  in  that  same  room  he  had  called  atiention  Vi 
the  resistance  of  materials,  and  they  had  tiie  pleasure  of  hearing! 
a  lecture  by  Mr.  Osmond,  who  was  well  known  as  being  one  of 
the  most  celebrated  men  on  microscopic  questions.  Mr,  Oamonii 
allowed  them  very  interesting  diagrams  illustrating  the  trials  he 
had  made  of  several  alloys,  and  especially  the  alloys  of  iron  and 
steel.  As  a  practical  man,  be  must  say  that  he  was  glad  to 
think  that  science  was  going  more  and  more  into  the  details  of 
the  making  of  steel;  and  irouniakers  did  not  fear  at  all  that 
science  would  iroul.le  their  ruanajrement  of  works.  They  thought 
that  science  would  throw  light  upon  such  facts  as  they  met  with 
every  day  iu  their  practice;  and  he  was  always  thankful  for  the 
aid  of  science  in  their  industry. 

Professor  Arnold  said  he  had  only  one  or  two  words  to  say 
in  reply  to  Professor  Roberta-Austen.  He  thought  that  pracii- 
eaily  they  were  perfectly  in  agreement.  From  a  large  number 
of  experiments  he  had  made  he  was  perfectly  convinced  that  then 
were  two  disliuct  varieties  of  i  n  terpen etrat ion  taking  place  st 
different  temperatures.  Wlien  the  results  were  published  he  felt 
sure  that  Professor  Roberts- Austen  would  feel  it  necessary  to 
modify  ids  views  that  the  question  of  chemical  formulce  ww 
wholly  inaduiissible.  He  could  only  thank  the  Institute  for  the 
beautiful  way  in  which  the  illustrations  in  his  paper  were  pro- 
duced, and  for  the  interesting  discussion  they  bad  had  on  it. 


COHRESPONDENCB. 

Mr.  J.  E.  Stead,  Member  of  Council,  said  he  had  very  great 

pleasure  in  complimeiitiug  Professor  Arnold  upon  the  accaracf 

of  his  observations  and  the  perfection  of  his  illustratioas.     He 

(Mr.  Stead)  bad  examined  practically  ail  the  classes  of  cement 
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Bhown,  and  if  they  had  been  cooled  rapidly  at  sucli  a  time,  vouli) 
have  been  fixed  in  these  extended  areas ;  but  as  the  extemsl 
laminse  of  Fe^C  were  separated  by  masses  of  femte  the  attraction 
of  the  outer  bands  of  cementite  would  be  towards  the  centre  ol 
the  areas,  witli  tlie  result  that  they  coalesced  and  formed  thick 
envelopes.  When  the  patches  of  pearlite  and  carbou  were  very 
small,  all  the  JamioBe  of  the  pearlite  fell  together  to  form  separate 
masses  of  cementite.  This  was  shown  in  his  (Mr.  Stead's)  paper 
on  "The  Crystalline  Structure  of  Iron." 

It  would  be  most  interesting  if  it  could  be  ascertained  bj 
experiment  whether  or  not,  by  very  prolonged  anueallng  at  i 
temperature  of  650°  C,  or  just  below  that  point,  a  compleM 
coalescence  of  the  carbide  in  the  pearlite  in  steels  containing  from 
two  to  three  tenths  per  cent,  of  carbon  could  be  obtained.  On  the 
face  of  the  results  before  us,  we  should  imagine  that  if  the  con- 
ditions were  right,  such  steels  would  eventually  be  obtained  con- 
taining nothing  but  ierrite  and  masses  of  cementite,  with  no 
pearlite  whatever. 

Professor  Arnold  says  that  massive  cementite  is  obtained  a 
annealing  at  650°,  but  he  does  not  say  what  carbon  the  8t« 
experimented  with  contained.  Would  he  kindly  give  us  thea 
carbons  ? 


Professor    ARNOLD     stated,    in    reply   to    the    most   valuable 
remarks  of  Mi-.    Steud,   that   he  also   had  found   that  saturated 
steels  were  little  liable  to  form  massive  cementite.     Neverthelees 
small    masses    were    sometimes    produced     on    annealing    even  J 
hammered  and  rolled  bars  from  steel  ingots  just  on  the  satun^J 
tion  point.  1 

With  reference  to  semi-saturated  steels  (about  0'45  per  cent  C) 
the  author  had  never  observed  the  coarse  pearlite  areas  completely 
enveloped  in  cementite,  his  experience  being  rather  that  the 
envelopment  is  only  partial,  so  that  the  atriEe  in  the  cells  are 
dovetailed  into  the  ferrile  outside  to  a  very  considerable  extent. 
If  Mr.  Stead  woald  again  closely  examine  the  micrograph  of  the 
median  section  of  No.  2  bar  he  would  find  such  to  be  the  c 
there.  The  author  bad  found  the  massing  of  the  cementite  stii 
most  marked  in  the  pearlite  areas  of  mild  steels,  e.g.,  about  0 
per  cent.  C.    In  the  experimeuts  made  by  the  author  it  was  doufal 
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THE  ACTION   OF  METALLOIDS   ON  CAST  IRON". 

Br  ODT  R.  JOHNSON,  Embbktillb,  Tkvbsm*. 

In  presenting  to  the  Institute  the  following  paper,  written  at  tie 
Buggeatiou  of  one  of  its  prominent  members,  the  writer  wishes  to 
say  at  the  outset  tliat  it  has  been  prepared  from  an  American 
foundry  man 'a  standpoint,  and  tliat  while  it  differs,  in  all  pro- 
bability, much  from  the  standpoint  of  the  British  and  Conliuental 
tnannfacturers,  yet  it  is  hoped  that  it  may  promote  an  intei- 
change   of  views,    without  which   no   trade   can   hope   for   ad- 


Never  iu  the  history  of  manufacture  has  there  been 
when  saving  was  more  necessary,  and  never  a  time   when  then] 
was  more  need  fur  scientific  aiid  practical  men  to  come  together' 
on  a  firm  basis  of  mutual  underalauding. 

It  is  now  almost  entirely  conceded,  at  least  on  this  side  of  the 
Atlantic,  that  the  succesatul  management  of  a  modern  fouudrj? 
embraces  a  knowledge  of  chemistry,  and  a  proper  understand- 
ing of  the  e£fcGt3  produced  by  the  various  metalloids  on 
iron. 

It  is  with  a  view  to  throwing  some  light  on  the  vexed  qu< 
tion  of  the  chemistry  versus  the  physics  of  cast  iron  that  thil! 
paper  is  submitted.  By  its  aid  it  is  hoped  that  the  foundry  luanj 
who  cannot  afford  the  services  of  a  chemist  may  yet  be  enabled! 
to  buy  his  iron  und  erst  and  ingly.  The  tests  and  analyses  pre<^ 
seuted  have  been  extended  over  nearly  three  years'  lime,  and 
are  in  many  cases  the  mean  of  a  number  of  tests  or  analyse!.' 
Much  of  it  has  appeared  in  print  before,  especially  the  table^. 
which  were  printed  in  full  in  some  of  the  American  technical 
papers  in  1897.  It  should  be  said,  however,  that  all  of  the  datft 
from  which  the  tables  were  prepared  have  been  checked  up,  ant 
the  results  found  so  concordant  that  it  has  not  been  deem< 
necessary  to  change  them  from  their  original  form. 

The  value  of  the  subjoined  notes  is  necessarily  weakened 
some  degree  by  the  fact  that  only  one  iron — viz.,  Embreville- 
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Another  coke  analysis,  same  furnace,  but  nearer  in  silicon  to 
the  charcoal  analysis,  is : — 

Silicon 1-38 

Sulphur 0-044 

Phosphorus 0*361 

Manganese 0'55 

Carbons  not  determined,   but  not  far   different  from  the  first. 
The  result  of  four  bars  was  26,240  lbs. 

Analysis  of  the  carbon  figures  is  instructive — 

Carbon  in  Carbon  in 

Charcoal  Iron.  Coke  Iron. 

Graphitic 2  32  3*02 

Combined 089  0*75 

TotHl 3-21  377 

Percentage  combined  carbon  to  graphitic — 

Charcoal  iron 27*7  per  cent. 

Coke  iron 20*0        „ 

In  other  words,  charcoal  iron  is  stronger  than  coke  iron, 
because  it  contains  less  carbon,  and  its  combined  carbon  is 
higher  in  proportion  to  the  graphitic  than  is  the  case  in  the 
coke  iron. 

To  still  further  check  this  theory,  the  author  has  tried  the 
experiment  of  melting  wrought  scrap  with  pig  iron  in  the  cupola 
in  order  to  attain  a  lower  resultant  carbon. 

As  it  is  a  well-known  fact  among  foundrymen  that  castings 
produced  in  this  way  are  spongy  and  unreliable,  the  mixture  was 
run  into  pigs  and  then  re-melted ;  this  gave  a  homogeneous  iron 
of  great  strength,  as  the  accompanying  analysis  and  tensile 
strength  show  : — 

Silico!! 0-94 

Sulphur 0-037 

Phosphorua 0*192 

Manganese         .........  0*21 

Graphitic  carbon 2*58 

Combined  carbon 0*46 

Tensile  strength  uf  bar  turned  from  the  centre  of  a  full-sized  pig,  34,010  Ibt. 

This  experiment  was  repeated  many  times,  varying  the  pro- 
portion of  wrought   scrap  each   time,   but   the   results   in  each 
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foondry,  combined  with  Uie  cfailltng  of  the  sand  mould,  genenlly 
produces  the  desired  grain  ;  while  by  using  metal  cbills  and 
sufficiently  low  silicon  cont«iita,  all  of  the  graphitic  carbon  nill 
be  changed  to  combined  carbon,  giving  a  white  iron.  Soiiicient 
repetition  ot  re-melting,  witU  the  consequent  loss  of  silicon,  will 
make  a  perfectly  grey  iron  white.  In  malleable  work  on  ait 
furnace  is  used  to  produce  this  elTect  on  the  first  melt,  though  in 
this  cla^  of  work  the  process  is  carried  further,  and  more  of  ihe 
carbon  is  burned  off. 

Silicon. — The  effect  of  this  element  on  cast  iron  is  ptobaU; 
betWr  known  than  any  other  occurring  therein.  Its  proponioa 
varies  ail  the  way  from  a  small  fraction  of  I  per  cent.,  as  Id 
white  and  basic  open-hearth  irons,  to  17  per  cent,  or  over  in 
ferro-silicons.  Its  influence  on  foundry  irons  is  that  of  a  softener 
i.e.,  it  tends  to  turn  the  carbon  in  tlie  iron  into  the  grapliitic  state 
Just  what  its  inHuence  per  se  on  iron  is  it  is  imjiossible  to  ^av. 
owing  to  its  great  power  over  carbon,  from  which  it  is  impossiblt 
to  disassociate  it.  It  is  probable  that  its  effect  is  to  weaken,  but 
with  the  ordinary  rnn  of  carbons  up  to  IJ  per  cent,  seems  i>> 
make  little  difference,  although  it  will  be  observed  that  tin- 
strongest  iron  in  the  tables  is  the  lowest  in  silicon.  It  viW 
also  be  noticed  that  the  sulphur  is  comparatively  high,  tjaiu 
enounh  to  transform  much  graphitic  carbon  into  combined.  (See 
Table  III.) 

Sulphur. — This  element  turns  graphitic  carbon  into  the  com- 
bined state,  and  hence  makes  cast  iron  harder,  denser,  and  moK 
liable  to  crack.  The  hotter  the  iron  the  lower  the  sulphur,  sod 
hence  the  more  graphitic  carbon.  From  this  it  follows  that  Nob. 
1  anil  2  foundry  have  little  sulphur,  and  it  is  a  fact  that  lliey 
frequently  contain  less  than  O^Ol  per  cent.,  while  a  No.  3  or  grey 
forge  from  the  same  furnace  will  frequently  run  well  up  towards 
O'l  per  cent.,  and  white  iron  with  over  0'3  per  cent  is  not 
unusual.  Sncli  iron  is  uanally  as  brittle  as  glass.  Owing,  how- 
ever, to  the  above-mentioned  characteristic,  that  sulphur  has  a 
tendency  to  convert  araphitic  carbon  into  combined  carbon,  it  is 
valuable  in  certain  classes  of  foundry-work,  and  ru  iron  to  show 
great  strength  and  density  should  contain  from  0'05  to  0-07o  pet 
cent.,  or  even  higher,  this  being  a  point  which  can  only  be 
obtained  by  careful  experiments  on   the  iron  being  used.     For 
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runs  about  1-1*25  per  cent.  The  above  also  holds  true  for  light 
thin  castings,  t.e.,  they  should  be  made  of  iron  running  high  in 
phosphorus,  1-1*25  per  cent.,  even  higher,  varjring  with  the 
character  of  the  casting.  At  the  same  time,  it  must  be  re- 
membered that  for  work  requiring  high  tensile  strength,  a  low 
phosphorus  iron  is  preferable.  Such  iron  should  probably  not 
contain  over  0*5  per  cent. 

Car-wheel  iron  runs  still  lower,  0*2  to  0*4.  Iron  containing 
less  than  0*2  per  cent,  is,  however,  apt  to  shrink  badly,  and  to 
run  red  and  short.  But  it  is  suitable  for  making  malleable  cast- 
ings of,  and  for  mixing  with  other  phosphorus  irons  to  obtain  a 
strong  mixture.     (See  Table  IV.) 

Mariganese. — Like  sulphur,  manganese  has  a  strong  tendency 
to  convert  graphitic  carbon  into  combined  carbon.  Although  it 
possesses  the  quality  of  enabling  the  iron  to  take  up  more  carbon, 
as  per  the  following  analyses : — 

"  MaUeable  Iron."         ^«^  }^^' 

neae  iron. 

Silicon 113  1-21 

Sulphur 0-019  0"011 

Phosphorus 0*185  0*185 

Manganese 0*81  3*61 

Graphite  carbon 3*32  3*47 

Combined  carbon 080  097 

Total  carbon 4*12  4*44 

As  a  general  rule,  it  may  be  stated  that  the  more  manganese  an 
iron  contains,  the  more  carbon  it  will  carry. 

Of  course,  being  a  "  hardener,"  the  ordinary  foundryman  does 
not  like  an  iron  containing  much  manganese,  and  the  average  pig 
produced  in  the  United  States  contains  from  0*50  to  0*75,  so  that 
not  much  attention  is  paid  to  this  element — not  as  much  as  there 
should  be,  for  owing  to  its  affinity  for  sulphur  it  serves,  in  melt- 
ing in  the  cupola,  to  carry  off  much  of  this  element,  which  would 
otherwise  combine  with  the  iron,  and  it  is  well  known  to  some 
foundrymen  that  a  cupola  iron  loses  its  manganese  by  combina- 
tion with  sulphur,  tlie  sulphide  passing  off  with  the  slag.  Further- 
more, the  best  "  softeners  "  ever  made,  some  of  the  Scotch  brands, 
habitually  run  over  1  per  cent.,  and  this  fact  in  itself  is  a  sound 
reason  for  using  higher  manganese. 

The  presence  of  manganese  is  desirable  in  low  silicon  iron  for 
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If  a  strong  machinery  casting  is  wanted,  use  an  iron  of  dose 
No,  3  tu  grey  forge  fracture,  silicon  from  0'80  to  I'SO  per  wnL, 
aulpbur  from  0'03  to  0'05  per  cent.,  phosphorus  from  0'35  to 
0'50  per  cent 

For  hydraulic  cylinders,  &C.,  use  the  same  composition  u 
above,  but  let  the  aulpbur  run  from  0'075  to  O-lIO  per  cent 

For  chilled  wheels  the  iron  should  analyse  about  as  folloTs: 
Silicon  0'5  to  0'8  per  cent,  sulphur  0'02  to  0'04  per  cent,  man- 
ganese 1  per  cent,  fracture  preferably  No.  3  or  close  No,  2. 

In  this  connection  it  ought  to  be  stated  that  while  siliwn 
seems  to  be  the  goveriiing  element  in  chill  iron  (see  Tables  Xll. 
and  XIV.),  at  the  same  time  phosphorus  has  its  eSect,  as  before 
noted,  in  changing  graphitic  carbon  to  combined  carbon. 

The  diffenmce,  however,  between  tlie  chill  fracture  of  a  low 
phosphorus  iron  and  that  of  the  same  silicon  hii^h  phosphoms 
iron  is  quite  stnking.  lu  the  low  phosphorus  iron  ihe  white 
or  chilled  part  extends  down  into  the  grey  portion  of  the  cast- 
ings like  fingers,  while  in  the  high  phosphorus  iron  the  line 
between  the  chilled  and  grey  parts  is  markedly  straight  (see 
Table  No.  XIV,),  It  is  this  interlacing  that  renders  the  low  pboe- 
pliorua  iron  so  much  more  valuable  for  making  car  wheels,  chilled 
rolls,  &c. 

One  word  ere  the  close  of  this  paper  on  the  subject  of  test 
bars.  The  controversy  over  the  shape,  size,  and  results  given  of 
test  bars  has  raged  for  the  past  few  years  throughout  the  laud. 

It  the  views  of  the  writer  are  correct,  it  would  seem  to  indi- 
cate that  the  advocate  of  each  size  is  correct,  or  incorrect  in 
direct  proportion  as  the  size  of  his  test  bar  approximates  thai  of 
the  castings,  especially  in  regard  to  thickness. 

By  many  the  J-inch  bar  is  condemned  as  giving  too  high 
results.  This  arises  simply  from  the  fact  that,  being  smalt,  the 
iron  is  quickly  chilled,  and  tlie  casting  contains  much  combined 
carbon,  thereby  promoting  its  density  and  tensile  strength.  If, 
theiefore,  castings  ^jnch  thick  are  to  be  made,  by  all  means 
nse  the  |-incli  bar ;  preference  in  all  eases  being  given  to  round 
bars  as  most  apt  to  give  regular  results,  owing  to  synchronotiB 
cooling,  which  cannot  be  present  when  there  are  four  corners,  kt 
which  the  cooling  must  necessarily  start. 

The  writer  feels   inclined   to   insist  on  the  toundryman's  »■ 
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Table  II. — EmhreviUe  Iron. 
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Table  V. — EmbrevUU  Iron, 

Transverse  strength.     Silicon,  sulpbar,  phosphorus  constant.     Carbons  TsrisUe. 
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1,750  9 

1,800  10 

2,050  13 

2,050  13 

2,100  14 

2,000  13 

2,600  16 

2,.500  15 

2,600  10 

2,850  17 
2,960 


i; 


3,050     18 
3,100     19 


1x2x26      2,950      19 


Table  VI. — Emhreville  Iron, 

Transverse  strength.     Silicon,  sulphur,  carbons  constant.     Phosphorus  variable. 


No. 
elted. 

Anal  J 

sis  Test  Bars. 

1 

Physical  Tests. 

«      1 

• 

• 

c 
o 

o 

• 

Grain  after 

24-lIiI^h      ^T«*^" 

c 

0 

^        1 

o 

o 

02 

Phospl 

»5 

t 

6'^ 

Melting. 

Centres,      o/"? 
Inches.       ^*"^- 

1     G.  F. 

109 

0-080 

0-121 

3-03 

0-78 

Grey 

1x2x26      2,650 

16  1 

2    G.  F. 

110 

1  0  072 

0-143  , 

3-10 

0-79 

Grey 

1x2x26  \  2,700 

17 

3    G.  F. 

101 

0-075 

0-150! 

2-93 

0-82 

Grey 

1x2x26  ;    2,800 

17 

4    G.  F. 

113 

1  0081 

0-174 

3-00 

0-81 

Grey 

1x2x26      2,600 

|17! 

5    G.  F. 

1-08 

10-076 

0-208 

2-89 

0-88 

Grey 

,1x2x26      2,650 

|16 

6    G.  F. 

106 

0-078 

0-247 

2-96 

0  85 

Close  grey 

1x2x26      2,850 

'  18 

7  1  G.  F. 

111 

0083 

0-303 

3  02 

0-75 

Close  grey 

1x2x26      2,800 

18 

8    G.  F. 

103 

0  073 

0-354 

2-96 

0-83 

Close  grey 

1x2x26  ;    2,700 

17 

9  ;  (i.  F. 

1-02 

0-078 

0  412 

2-91 

0-85 

Light  grey 

1x2x26  i    2,500 

14 

10  '  G.  F. 

109 

0  081 

0-453 

2-83 

0-80 

Light  grey 

1x2x26  .    2,250 

10 

11    G.  F. 

107 

0-073 

0-517 

2  80 

0-88 

Light  grey 

1x2x26      2,100 

10 

12  1  G.  F. 

1 

1-09 

0-082 

0-554' 

1 

2-83 

0-81 

Light  grey 

1x2x26      2,150 

9 

iiiiiiiii 
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o 

« 
C 

x/1 


1 
2 
3 
4 
5 


Table  X. — Embreville  Iron, 

Drop  tests.     Silicon,  sulphur,  carbons  constant.     Phosphorus  Tariable. 


Analysis  Test  Bars. 


• 

s 
o 

u 

A 
Ok 

'3 

m 

m 

i 

Combined 
Carbon. 

101 

0  075 

0150 

2-93 

0-82 

108 

0076 

0-208 

2-89 

0-88 

111 

0083 

0-303 

3-02 

0-75 

102 

0  078 

0-412 

2-91 

0-85 

107 

0  073 

0-517 

2-80 

0-88 

Grain  after 
Melting. 


Grey 

Grey 
Close  grey 
Close  grey 
Light  gi-ey 


Physical  Tesk 


Size  ban 
12-inch 

Centres. 
Inches. 


1x1x15 
1x1x15 
1x1x15 
1x1x15 
1x1x15 


11 

10 

8 

.3 

1 


Table  XI. — Embreville  Iron, 

Drop  tests.     Silicon,  phosphorus,  carbons  constant.     Sulphur  variable. 


• 

Analysis 

Test  Bars. 

Physical  Testa 

o 

• 

to 

• 

•T3 

• 

00 
4> 

• 

c 

5 

flg 

Size  Bars. 

> 

*c 

o 
u 

o 

1^ 

Grain  after 

12<inch 

0 

CQ 

•  •-4 

j3 

Cm 

g^ 

Melting. 

Centres. 

PQ 

m 

m 

o 

o 

Q^ 

Inches. 

• 

c 

^ 

^ 

1 

1-19 

0  072 

0-197 

3  07 

0-80 

Grey 

1x1x15 

10 

2 

1-23 

0141 

0-202 

2-96 

0-77 

Grey 

1  x  1  x  15 

8 

3 

1-2G 

0-172 

0  207 

3  09 

0-82 

Close  grey 

1  x  1  X 15 

8 

Table  XII. — Emhremlle  Iron. 

Chilling  test.     Phosphorus,  sulphur,  carbons  constant.     Silicon  variable. 


Series 
No. 


1 

3 
4 
5 


Silicon. 


Analysis. 


Physical  Testa. 


o.  1  I  i>u       u  I  Chilling  Piece. 

Sulphur.     -Phosphorus.!        ^^^^^^ 


Depth  of  Chill. 


1-76 

0-067 

0-179 

1x2x20 

Close  but  no  chill 

1-55 

0  068 

0185 

1x2x20 

Perceptible  at  edge 

1-27 

0  070 

0  178 

1x2x20 

|-inch  thick 

1-05 

0  0*Jt» 

0-181 

1x2x20 

1-inch  thick 

0-88 

0-065 

0183 

1  X  2  X  20 

{-inch  thick 

0-31 

0070 

0179 

1x2x20 

Entirely  chilled 

The  chilling  strip  placed  at  the  bottom.  The  bar  chilled  for  20  inches  along  the 
1-inch  face.  Chill  noted  is  the  average  of  the  bar.  Analyses  are  from  chilled  pieces. 
Unchilled  bars  of  above  section  are  all  grey. 


5  ^  tt  -- 


—    "W 


4  a    a     e 


M '  I?' 


^v 

f^^B 
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Table  XVI. — Embreaille  Iron,                               1 

V. 

No. 

No. 

aiicon. 

Snlphor. 

P^lo^ 
pho™. 

FrMtm..              F«, 

~278"~ 

~0«~^ 

0109 

0^1 

0.  F.         DMpljpty. 

2 

SO 

9-66 

0-133 

0-331 

G.F.         D^^ 

313 

0^ 

0-1-40 

0-160 

G.  F.         DhpIt  ^Rri. 

M 

2-39 

0-108 

o-8in 

,        tJ.  F.           D«T.lrFtt.d. 

745 

0«3 

0-023 

0-317 

1        G.  F.          Sm«[h 

366 

1-22 

0-016 

oms 

,       G.  F.         Smoqtti. 

782 

1-29 

oust 

0-239 

'         3  F.            Smooth. 

2-28 

O-ilTI 

0-107 

'        8F,            DeeplTiaiwl 

364 

136 

0-012 

0-347 

1       3  K.          Sm^h\«iul 

K21 

1-88 

0011 

0-B37 

\        S  i\            Smooth  intHt 

99 

0-41 

0-027 

0-168 

1       3  V.          Smuotk. 

22 

3  23 

0-040 

0-776 

n:   la-*- 

97 

044 

0-034 

0167 

14 

1I» 

0-76 

0-021 

0151 

3  F-          Smooth. 

llfl 

0-016 

0179 

18 

123 

IW 

0-016 

0-368 

3  P.            Smooth. 

17 

76 

0-49 

0'IH4 

0134 

3F.            D«p]jptt«l 

18       1 

244 

1-50 

0-044 

0179 

3F.            D«Ji;^Ha 

19      1 

4 

2-13 

0-031 

0-360 

3  F.            Smooth. 

X      1 

T 

3-97 

0-027 

0-433 

2  P.            Smoolh. 

21 

10 

3-44 

0-031 

0-428 

22 

ee 

071 

0-019 

0105 

3  F.          Smooth.         ' 

23 

1B3 

1-06 

0-023 

0-229 

3  F.          Smooth.          1 

34 

S6 

1-63 

0-0S8 

0177 

3  F.            Smooth. 

25 

679 

3-00 

0-011 

0-175 

3  K.         '  Smooth. 

US 

S3 

S-63 

0O24 

0-382 

2  F.         1  Smooth. 

Tabu:  XVTL—£mbrmiU  Iron. 

iiialT>ii  t«it.piN>«  with  fAgu  nt  rendom  fitnn  the  out 

At  ntndom. 

8eri«  No 

Cut  No, 

SUicon.1  Sulphur. 

Hlioon. 

Balphw. 

ph»,^ 

1 

364 

136       oflia 

0-34T 

1-3S 

0-OlS 

0-3K 

! 

782 

1-29          0-021 

0230 

i-as 

0-029 

0-tSI 

3 

52G 

1-61         01331 

0-360 

1-63 

0-036 

e-3<» 

4 

383 

1-86          0012 

0-IS9 

1-01 

0-018 

OIW 

G 

220 

1-95          00-23 

0183 

1-96 

0-030 

DIM 

6 

203 

1-S7         0-021 

0-237 

1-30 

niK» 

0%9 

7 

781 

1-57         0-031 

0-260 

l-l!2 

0-035 

a-3GS 

8 

ass 

1-79         0-028 

0-199 

l-«7 

0-OlB 

0-189 

9 

fi79 

2W    ,     0-011 

0-176 

2-fl2 

0170 

10 

1 

6- lit    1     0  032 

0-248 

6-07 

0-039 

0-238 

11 

fi23 

2-28     ,     0-071 

0-1B7 

2-38 

0-083 

0-160 

12 

7M 

3-20     ,     0-024 

0183 

3-in 

0-030 

0-178 

13 

S40 

3-10         0-016 

0144 

a -11 

0-016 

0-157 

4 

M 

2  86     '     0133 

0334 

9-78 

0138 

0-340 

5 

64 

2-39          0108 

0248 

2-33 

0-110 

0-3ft3 

Q 

313 

0-66          0-07S 

O-I70 

O-fiO 

0-084 

0-181 

7 

37S 

(J-Sfi          0109 

0-21] 

0-58 

0130 

aim 

313 

0-62          0-140 

OICO 

o-us 

0-150 

0  166 

19 

193 

105          0-023 

0-229 

1-08 

0-016 

0-3S3 

20 

236 

121           0-063 

0183 

1-20 

0-051 

0180 

21 

366 

1-29          0-Oie 

0-343 

1-26 

0-oia 

0-2.-W 

22 

745 

0-83          0-023 

0-217 

081 

0-0-35 

0» 

Te»l-pie(«»,  two  u 

four  In  number,  Uken  at  time 

S^-SiiS!""-'^-"-'^ 

naoaoti.    Fig*  at  ra 

Ddom  drilled  io  Dioo  vUeo.  &>«' 

^ 

^^^_^^H 

b                   1 
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Therefore  it  was  of  great  importance  to  them  to  use  tlie  coke  I 
freest  from  salphur;  but  they  came  to  the  concltieion  that  tnLh  I 
care  they  could  melt  the  iron  in  the  cupola.  Very  man)'  jem  1 
ago  Sir  William  Fairbairn  attempted  to  ascertain  what  effect  ' 
re-melting  of  iron  in  the  cnpola  would  have  upon  it,  and  be  , 
found  that  by  each  re-melting  it  deteriorated  in  quality  when 
tested  liy  the  tensile  test.  Sir  William  did  not  trace  That 
this  was  due  to,  hut  he  (Mr.  Snelus)  found  that,  following  Sir 
William's  experiments,  and  comparing  them  with  his  own,  tlib 
deterioration  was  due  to  the  iron  taking  up  the  impurities 
from  the  coke  at  each  successive  melting.  It  took  up  snlphui 
and  phosphorus.  Of  course,  if  they  could  keep  the  slag  thorouglilj 
basic,  they  would,  in  all  probability,  to  some  extent  absorb  all 
these  elements.  But  in  the  cupola  it  was  not  possible  to  ase 
a  too  basic  slag.  He  thought  this  was  the  moat  ioiportaDl  poiot 
in  connection  with  the  foundry  practice. 

He  was  very  glad  that  the  author  of  this  paper  wa-s  not  goiug 
to  quite  exclude  the  chemist  from  all  the  operations  of  steel- 
making.  They  would  remember  that,  in  the  discussion  on  Mi 
Sandberg's  paper,  it  was  suggested  tliat  the  chemist's  occupatiou 
was  gone,  and  that  the  tup  test  was  quite  enough  for  the  rail- 
But  the  author  of  this  paper,  by  suggesting  that  users  of  irnu 
should  not  depend  entirely  upon  eye  examination  of  the  fracture, 
but  that  they  should  call  in  the  chemist,  and  use  both  aids 
to  ascertain  the  quality  of  iron,  showed  that  he  did  not  m«ati 
to  dispense  with  the  chemist  altogether.  He  thanked  the 
author  on  behalf  of  the  chemists  for  leaving  them  an  "open 
door." 

Mr.  AiNSWORTH  (Consett)  said  there  was  one  point  to  which  hf 
wished  to  refer.  Attention  had  been  called  to  the  influence  oi 
sulphur,  and  that  it  might  be  taken  up  from  the  coke  in  tb>.- 
cupola.  There  was  another  source  which  had  not  been  men- 
tioned, and  that  was  the  moulding  composition.  He  had  found, 
more  particularly  in  ingot  moulds,  that  a  large  amount  of  sulphur 
could  be  taken  from  the  composition.  They  did  not  suspect  il 
at  first,  but  ultimately  traceJ  it  to  this  source.  It  was  found 
largely  on  tlie  outside  of  the  cBSting,  decreasing  gradually  towards 
the  middle  of  the  metal,  and  again  regularly  increasing  to  the 
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this,  but  if  the  author  would  give  his  proofs  they  should  k«  | 
one  of  tlie  most  iuterestiug  microgTaphic  papers  that  h&d  beail 
1  to  the  iDStitute. 


Mr.  HAliCOBD  quite  agreed  with  Protessor  Arnold  with  p 
ence  lo  the  paragraph  he  had  called  attention  to  on  the  iaSuenob 
of  phosphorus  upon  the  carlion.  For  many  years  he  was  o 
nected  with  a  works  making  cinder  iron,  and  he  never  noticai 
any  difference  in  the  fracture  between  pig  irons  containing  8 
per  cent,  phosphorus  (when  the  carbon  and  the  silicon  were  | 
the  same)  and  the  iron  containing  0-6  per  cent,  of  plio*- 
phorus;  and  in  fact  it  was  no  uncommon  thing  to  find 
of  kish  or  praphite  associated  with  the  phosphoric  iron.  There 
was  one  thing  he  regretted  tlie  author  had  not  gone  more  com- 
pletely into,  and  that  was  the  condition  of  the  carbon.  Quite 
lately  he  had  been  examining  samples  of  cast  iron  identical  is 
far  as  general  analysis  went,  except  that  the  silicon  was  slightly 
lower  in  one  case  tlian  the  other.  Tlie  total  carbon,  the  graphitic 
and  combined  carbon  were  the  same  in  each  case,  but  there 
appeared  to  be  a  difference  ia  the  state  of  the  combined  carbon— 
when  both  samples  were  compared  by  the  colour  test  one  gav* 
double  the  percentage  of  the  other.  The  sample  with  higher  colour 
carbon  gave  tensile  strain  of  three  to  four  tons  per  square  inch 
higher  than  the  other  sample,  and  the  iron  was  mucii  softer  to 
machine.  He  did  not  know  how  far  the  special  properties  of 
cold-blast  iron  were  affected  by  condition  of  carbon,  but  it 
seemed  to  him  that  it  was  an  important  point,  and  he  thougiit 
a  very  good  deal  of  work  might  be  done  with  advantage  in 
the  investigation  of  state  or  condition  of  carbon  in  different 
cast  irons. 


Mr.  W.  H.  Bleckxy,  Vice-President,  thought  that  members 

accustomed  to  foundry  practice  in  England  would  agree  with 
him  that  their  general  custom  was  to  use  square  test  bars,  ani! 
he  had  never  seen  any  caat-iron  bars  used  for  testing  purposes 
except  in  that  form.  The  author  made  a  valuable  suggestion 
that  preference  in  all  cases  should  he  given  to  round  bars, 
thought  it  would  he  quite  worth  their  while  to  try  the  testii 
of  round  bars,  which  would   be  a  now   experience   to    most  I 
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the  Inatitute.  It  was  a  paper  that  they  must  take  home  and  go 
into  carefully  to  see  what  the  practical  results  of  following  the 
advice  it  contained  would  have  upon  their  manufacture.  One 
thing  struck  him  especially,  and  that  was  the  analysts  of  ilie 
p^  iron,  which  was  a  very  much  better  analysis  than  they  weie 
accustomed  to  find  in  the  Nortli  of  Kngland  and  Cleveland,  where 
his  own  works  were,  and  no  doubt  they  got  better  material  and 
castings  from  this  pig  iron  tljan  Cleveland  people  could  make  from 
theirs  without  very  material  alteration  in  their  mixtures  und 
improvements  in  their  equality.  He  observed  phosphorus  was 
only  0-0177;  and  the  manganese  he  regarded  as  exceedingly 
useful  as  an  admixture  in  forge  work  and  for  puddling  purposes. 
He  was  speaking  now  of  manufactured  iron,  and  not  of  itoo 
used  for  castings.  The  silicon  also  was  low ;  and  taking  it 
altogether  the  elements  were  exceedingly  I'avourable  for  making 
good  material.  He  trusted  that  they  would  take  all  the  advan- 
tage they  could  from  the  information  and  details,  especiallv 
from  the  assurance  they  had  received  from  Trotessor  Howe,  that 
the  quality  of  the  material  was  satisfactory,  and  that  the  wriiei 
migiit  be  relied  on  for  every  statement  he  had  made  in  bif 
excellent  paper, 

Mr.  E.  Windsor  Richards,  Past-President,  said  that  the  para- 
graph in  the  paper  relating  to  phosphorus  had  caused  him,  as 
welt  OS  Professor  Bauerman  and  Professor  Arnold,  some  amuse- 
ment. The  author  had  told  them  "  that  phosphorus  unquestiou- 
ably  had  a  tendency,  per  sc,  to  convert  graphitic  carbon  into  the 
combined  state."  He  then  gave  them  his  best  proof  of  that  by 
citing  B  sample  of  basic  pig  irou,  whicli,  he  says,  "  is  almost  always 
pure  white  and  very  brittle,"  caused  by  phosphorus.  The  author 
was  entirely  wrong  in  his  cooclusiou,  for  phosphorus  had  nothim; 
whatever  to  do  with  the  white  iron  so  produced.  That  wiiiw 
iron  had  Lieeu  purposely  produced  in  the  blast-furnace,  and  had 
to  be  used  in  the  manufai:ture  of  steel,  and,  of  course,  shoi 
contain  as  low  a  percentage  of  silicon  as  possible,  and  as  Ul 
fuel  had  been  used  in  the  blast-furnace  to  produce  that  iron 
possible,  so  that  the  silicon  might  be  kept  low.  He  pointed  this 
out,  as  he  hoped  the  author  would  alter  his  proof,  because  he  wu 
wrong  in  his  conclusion. 


nan 
ittfaJ 


J 
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our  worthy  Treasurer  tliat  tbey  might  believe  every  word  m  tba 
paper,  lie  was  afraid  it  was  reaily  necessary  to  meniioii  it  again. 
Evidently  the  author  had  not  spent  many  anxious  hours  round 
the  bottom  of  a  I'umace  making  phosphoric  pig  from  a  mlxinn 
containing  gas  coke  and  cinder  as  they  did  in  the  Black  Country. 
There  he  might  know  that  tliis  iron  liad  2,  2^,  and  3  per  ceat  of 
phoBphorua,  and  all  the  time  they  were  getting  this  high  per- 
centage of  phosphorus  they  were  still  anxious  in  case  the  cloven 
hoof  should  show  itself  with  a  portion  of  grey  in  the  centre.  To 
produce  a  pig  iron  containing  only  0'05  per  cent  of  sulphur,  and 
to  be  compelled  to  use  a  very  large  quantity  of  gas  coke  whicli ' 
contained  nearly  2  per  cent,  of  sulphur,  sometimes  was  a  nrf 
difficult  matter  without  having  a  very  basic  slag.  It  was  well 
understood  that  it  was  necessary  with  the  basic  slag  to  have  s ' 
very  high  temperature.  But  manganese  was  put  in  to  increas* 
the  fusibility  of  the  slag,  and  in  that  way  the  iron  might  ht 
produced  with  a  comparatively  low  temi-terature.  The  blast- 
furnace managers  in  making  this  basic  pig  iron  found  great 
difficulty  in  keeping  the  silicon  down  to  below  1  per  cent.,  and 
the  Black  Country  men  would  not  have  it  unless  it  was  beloV 
1  per  cent.,  and  sometimes  with  the  2  per  cent,  of  mangaueM 
and  with  those  high  percentages  of  phosphorus  the  matter  of  IJ 
per  cent,  of  silicon  would  produce  a  grey  core,  showing  that  it 
was  the  presence  of  the  manganese,  and  the  absence  ot  ths 
silicon,  that  had  determined  the  production  ot  a  white  iroit 
With  regard  to  the  eflect  of  metalloids  in  iron  there  was  nolhtif 
very  new  in  the  paper.  Most  of  that  would  be  found  in  i 
investigations  of  Mr.  Turner  made  some  years  ago.  It  w 
very  clearly  shown  there  that  the  silicon  produced  this  graphitie 
carbon,  and  tended  to  make  the  combined  carbon  lower,  and 
the  manganese  and  sulphur  did  the  whitening.  It  seemed  to 
him  that  the  phosphorus  iiad  very  little  to  do  in  producing 
graphitic  or  combined  carbon.  It  would  be  better  to  have  t 
little  more  light  thrown  upon  the  effect  of  phosphorus  npoa 
the  carbon  present.  Although  of  course  tbe  great  point  f 
connection  with  the  properties  of  the  pig  iron  would  be  l) 
amount  of  metalloids  and  the  condition  of  the  carbon,  still  bfl 
thought  it  would  be  worthy  ot  consideration  to  take  up  Uu 
question  of  the  effect  of  the  quantity  of  carbon  present. 
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CORRESPONDENCE. 

Mr.  It.  A.  Harfield,  Member  of  Council,  seut  the  foltowiogl 
CODtribntion  to  the  •Jiscussion  : — 

I  have  read  with  much  iultrest  the  excellent  paper  by  Mi 
Guy  K.  Johnson,  and  think  our  Institute  is  greatly  indebt«l  lu 
him  for  bringin<^  this  important  research  before  us. 

The  influence  of  various  metalloids  upon  the  properties  of  the 
metal  iron  has  already  provetJ  to  be  a  subject  of  the  greaiesl  viJue 
and  importance;  but,  su  far  as  I  am  aware,  Mr.  Johnson's  paper 
represents  the  first  systematic  research  regarding  the  influence  uf 
varying  percenta'^es  of  different  luetalloids  upon  what  we  term 
"  cast  iron."  In  my  own  case  I  have  already  found  the  data 
given  by  Mr.  Johnson  of  considerable  technical  value,  and  I  wish 
him  continued  success  in  his  experimental  work. 

As  in  the  caee  of  steel  alloys,  the  whole  suliject  is  very  com- 
plex ;  in  fact,  it  is  perhaps  even  more  so  than  the  latter,  in  which 
there  is  usually  ouly  one  variable  besides  carbon,  and  the  effect  of 
this  element  18  as  a  rule  much  greater  than  any  other  conslJ- 
tuents,  and  consequently  its  presence  often  overshadows  that  of 
any  other  metalloid  present.  As  regards  cast  iron,  not  only  has 
the  effect  of  other  metalloids  present  to  be  considered  conjointly 
with  carbon  not  present  in  one  form  only,  as  is  usual  in  steel, 
but  in  two  or  even  three  varying  forms,  combined,  graphitic,  and 
probably,  as  Mr.  Summers  of  Chicago  mentions  in  the  paper 
referred  to  further  on,  in  a  graphitic  temper  form. 

Mr.  Johnson  gives  several  intereatiny  results  in  Table  4  of  the 
effect  of  sulphur  upon  Embreville  iron.  They  confirm  in  a  re- 
markable degree  the  peculiar  infiuence  of  sulphur  upon  cast  iron. 
as  noticed  in  connection  with  the  well-known  Swedish  Finapong 
iron.  Ten  or  twelve  years  ago  I  well  remember  seeing  one  of  the 
Finapong  chilled  projectiles,  that  is  a  projectile  with  chilled  head 
and  soft  body,  tested  at  Shoeburyness.  Although  of  cast  iroo, 
to  the  astonishment  of  every  one,  it  did  not  break  up  against  tba  j 
plate  as  did  all  the  other  cast-iron  shell  tested,  but  set  np,  t 
seemed  rather  to  possess  the  characteristics  of  a  soft  ateel  castii 
than  those  of  the  material  we  know  aa  cast  iron. 

According  to  Mr.  Johnson's  testa  the  Embreville  iron  c 
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able  to  select  moderately  cheap  iron  in  this  cooattr,  wfaich,  on 
mixing,  would  give  almost  any  result  that  they  aimed  at.  tad 
that  it  is  not  necessary  to  purchase  expensive  brands  with  i 
reputation,  as  they  could  use  cheaper  material,  and,  with  the  aiii 
of  an  analyst  at  their  works,  be  able  to  synthetically  prodace 
from  the  cheaper  pig  iron  results  as  good,  if  not  superior,  to  the 
results  they  were  obtaining  to-day  with  the  more  expensin 
brands.  A  chemist  in  an  iron  foundry,  in  his  opinion,  was  rd 
absolute  necessity,  especially  where  high-clasa  engineering  c»si- 
inga  were  required.  The  results  given  by  Mr.  Johnson  would 
be  a  very  good  guide  to  work  to.  He  again  complimented  Hi. 
Johuson,  and  hoped  that  his  valuable  paper  would  be  of  great 
service  to  English  founders. 


Mr.  Gut  R.  Johnson,  in  reply  to  the  discussion  on  his  paper, 

sent  the  following  communication,  dated  December  8,  1898 

Before  replying  to  the  various  questions  put,  I  wish  to  thi 
the  members  for  their  kind  reception  and  the  lenient  lone 
which  they  have  discussed  my  paper. 

The  principal  difference  of  opinion  seems  to  be  upoB  the  stat 
ment  that  phosphorus,  per  se,  has  a  tendency  to  convert  carbon.' 
into  the  combined  form.  It  is  quite  possible  that  I  may  be 
error  as  to  this  point,  but  I  should  like  to  have  Mr.  Windsor 
Bichards's  grounds  for  stating  so  positively  that  this  stateuient  is 
incorrect.  My  attention  was  first  called  to  this  matter  several 
years  since,  at  one  of  the  few  Turuaces  in  the  States  where  basic 
pig  iron  was  ever  produced  iti  large  quantities.  At  the  furnace, 
when  a  great  deal  of  experimenting  was  done,  the  iron  was  prac*. 
tically  pure  white,  or  sligiitly  speckled  wliite.  lu  this  iron 
manganese  ran  from  0'38  up  to  2-07  per  cent.  Yet,  oddly 
enough,  the  iron  wliich  was  highest  in  mangane.se,  although 
below  1  per  cent,  in  silicon,  was  the  greyest  iron  produced 
during  the  campaign,  which  would  seem  to  indicate  that  man- 
ganese had  little  to  do  with  the  grade.  The  following  analysal 
of  Embreville  iron  also  seem  to  indicate  this : — 


iper, 
rboB.^ 
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of  Mr.  A.  Vatliftire's  Work,  fUn-hn  sur  les  Eavis-FouiTifaitx.  The 
effect  seems  to  be  a  double  oue.  The  specific  gravity  of 
being  greater  than  that  of  iron,  it  should  apparently  reraaii 
oxidised  in  the  ladle,  as  it  would  were  it  not  for  the  oxygen  in  the 
iron.  This  seizes  upon  the  lead,  forming  lead  oxide,  which  babble! 
up  through  the  molten  iron,  and  Id  its  passage  facilitat€S  tin 
mechauical  liberation  of  graphite,  which  doats  up  in  great  quiuh 
tities.  The  resuitiog  iron  is  close  grained,  and,  as  Mr.  Greiaa 
says,  wears  well.  Possibly  this  explanation  b  erroneous,  but 
we  do  not  know  much  yet  about  the  influence  of  oxygen  on  caA 
iron,  except  that  probably  it  is  a  deleterious  element. 

I  regret  not  to  be  able  to  oblige  Professor  Arnold  with  « 
miorograpbic  proof  as  to  the  effect  of  0  04  to  005  sulphur, 
in  my  opinion  is  it  necessary,  as  all  men  engaged  in  the  fonudiy 
business,  using  modern  chemical  methods,  will  assure  liim  tin 
the  difference  between  0*07  per  cent  of  sulphur  and  0'12  pel 
cent,  of  sulphur  in  ordinary  castings  makes  all  the  different 
between  a  close-grained  casting,  which  can  be  easily  machine 
and  one  which  it  were  probably  better  to  return  to  the  cupohkJ 
From  a  good  deal  of  actual  experience  I  can  say  that  by  usii^ 
sulphur  properly,  it  is  possible  to  vary  the  character  of  the  cast^ 
ings  with  identically  the  same  analysis,  except  as  to  sulphm; 
from  soft  to  hard,  and  that  the  effect  of  as  little  as  0*02  ean  ' 
observed. 

The  following  analyses,  taken  from  hundreds  of  similar  oni 
will  show  the  difference  made  by  less  than  0'5  sulphur : — 


0-016 

0161 

0-021 

0-030 

o-teo 

0  190 

O-OtM 

O-Z'lfi 

The  fact  is  that  our  experience,  which  is  given  as  a  resu* 
of  nearly  four  years'  careful  attention,  is  that,  with  the  olhei 
elements  about  normal,  below  0-030  per  cent,  of  sulphur.  NoB 
1  and  2  grades  may  be  expected,  above  0-03  and  below  0-05 
No.  3  to  G,  F„  above  0-05  to  007,  G,  F,  to  M.,  above  007( 
hard  mottled  or  white. 

Finally,  in   answer   to   questions   by  Mr.   Harbord   and  '. 
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Visit  of  H.M.  the  King  of  Sweden. 

At  this  stage  all  the  members  and  ladies  who  accompanied 
them  rose,  as  it  was  announced  that  the  King  was  about  to  enter 
the  hall.  His  Majesty  entered,  accompanied  by  their  Eoyal 
Highnesses  the  Crown  Prince,  Prince  Carl,  and  Prince  Eugen, 
and  was  conducted  to  the  raised  dais  by  the  President. 

Addressing  the  King,  the  President  said  it  was  his  great  privi- 
lege to  thank  his  Majesty,  on  behalf  of  the  members  of  the  Iron 
and  Steel  Institute,  for  the  very  great  honour  conferred  upon 
them.  The  high  position  that  his  Majesty  filled  in  literature, 
art,  and  science  was  known  throughout  the  world,  and  the  interest 
his  Majesty  took  in  metallurgy  was  shown  by  the  great  honour 
he  had  conferred  upon  the  Institute  by  allowing  himself  to  be 
nominated  an  honorary  and  honoured  member  of  the  Iron  and 
Steel  Institute.  The  gracious  recognition  of  his  Majesty,  and 
the  courteous  reception  accorded  by  all  his  Majesty's  subjects 
to  the  Iron  and  Steel  Institute,  would  make  this  visit  the  most 
memorable  in  the  history  of  the  Institute. 

The  King  of  Sweden,  in  reply,  said :  I  beg  to  return  my 
most  heartfelt  and  sincere  thanks  for  the  greeting  which  I  have 
received  from  you  on  coming  to  take  part  in  your  meeting  to- 
day, and  still  more  so  for  the  rare  and  highly  valued  distinction 
conferred  upon  me  by  the  Iron  and  Steel  Institute  in  calling  upon 
me  to  be  one  of  its  honorary  members.  I  welcome  you  all  to 
my  country,  and  I  beg  also  to  express  my  sincere  good  wishes  for 
your  work. 

His  Majesty  then  took  a  chair  beside  the  President,  and 
listened  attentively  to  the  reading  of  Professor  Eoberts-Austen's 
paper. 

Professor  Roberts- Austen  gave  a  summary  of  the  following 
paper : — 
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Noble  has  Ehown,'  in  such  &  "iud  as  ordinarily  employed  then 
would  be  no  less  than  60  foot-tons  of  energy  absorbed  m  pro- 
ducing rotation  of  the  projection. 

The  author  is  also  greatly  indebted  to  Lieutenant^Coionel  C. 
F.  Hadden,  R.A.,  Chief  Inspector  of  the  Ordnance  Department  it 
the  Royal  Arsenal,  Woolwich,  for  a  portion  of  a3-iuchsteel  armour- 
plate,  which  a  "  glancing  "  shot  had  struck,  producing  an  indenta- 
tion 0"5  inch  deep,  5-1  inches  long,  partly  by  compreasing  the  metal 
and  causing  it  to  flow,  and  partly  by  tearing  portions  of  metal 
from  the  surface  of  the  plate.  This  indent  was  produced  by  an 
ordinary  6-pounder  hardened  armour-pierciug  projectile,  and  the 
velocity  at  the  point  of  impact  was  1740  feet  per  second,  and 
the  striking  energy  would  therefore  be  126'7  foot-tons. 

As  regards  the  action  which  might  be  anticipated   to  occur 
during  the  erosion  of  au  "A"  tube,  the  following  facts  must  be 
remembered.      The  temperature  produced  by   the   explosion  of 
cordite,  which  was  the  propellant  employed  in  the  case  of  the 
tube  in  question,  would  be  very  high.     The  heat  transmitted  to 
the  surfnce  of  the  tube  would,  however,  soon   be  abstracted  by 
the  mass  of  metal  in  the  gun.     This  rapid   heating  of  the  in- 
terior of  the  tube,  followed  by  more  or  leas  rapid  chilling  by  this 
transmission  of  the  heat,  might  therefore  be  expected  to  occur. 
Hence  there  are  possibilities  of  more  or  less  elaborate  change* 
due  to  the  thermal  disturbance  caused  by  merely  firing  the  gun. 
The  mechanical  effect  of  the  projectile  passing  along  the  tube 
has  also  to  be  considered,  and  the  results  should  prove  to  be  of 
interest,  as  the  effect  of  work  in  producing  molecular  change  in 
steel  has  long  been  a  subject  of  study  by  Osmond,  Barus,  Caios 
WilsoQ,  and  others.      The  explosion  produced  by  cordite  would 
produce  iu  this  gnu  so  high  a  pressure  as  15  tons  on  the  squanj 
inch.       The    problem,    tlierefore,    becomes    a    complicated    owd 
which   micrographic   examination   should   reader   it   possible  tM 
readily   elucidate.       First    as    regards    the    composition    of   tlMH 
steel.      The   tube   was   a   perfectly   normal    gun-steel,  contshnfl 
ing    about    0'3    per    cent,    of    carbon    and    0-6    per    cent,    oG^ 
manganese.     The   respective  amounts  of  sulphur  and   of  phoe-   ' 
phorus  did  not  exceed  0fl5  per  cent.,  and  the  amount  of  silicon 
was  not  more  than  015  per  cent.     As  regards  treatment,  the 
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carbon  in  the  layer.  So  far  as  is  at  present  known,  the  forma- 
tion of  marteitsite  would  demand  this  complete  diffusion  of  tte 
carbon.  It  is  even  possible  that  the  layer  may  be  a  deposited 
one.  composed  of  the  detritus  of  the  eroded  matter.  Aeainst 
this  view  tliere  is  the  fact  that  in  some  cases  the  ferrite  bands 
fade  away  as  the  altered  layer  is  approached.  In  other  cases 
fine  lines  of  ferrite  pass  into  the  altered  layer.  My  friend 
M.  Osmond  (of  whose  counsel  I  have  yladly  availed  myseifl 
considers  that,  in  a  matter  of  so  much  importance,  it  would  be 
unwise  to  express  a  definite  opinion  at  present. 

I  have  elsewhere  *  shown  that  when  a  projectile  strikes  an 
armour-plate  it  may,  under  certain  conditions,  produce  in  the 
solid  steei  a  "  splash  "  which  resembles  that  produced  by  a  sphere 
falling  into  water.  I  have  alsot  shown  that  the  penetration  of 
carbon  into  iron  obeys  the  ordinary  law  of  diffusion  of  salts  inW 
water. 

It  is  noteworthy  that  the  surface  of  the  "  lands  "  over  which 
the  projectile  has  passed  are  traversed  by  cracks  at  right  anglee 
to  the  length  of  the  "  lands." 

With  rel'erence  to  the  armour-plate  struck  by  a  glancing  shot, 
to  which  reference  has  been  made,  1  do  not  find  that  the  micro- 
structure  of  the  armour-plate  has  been  altered  by  the  impact. 

The  paper  is  illustrated  by  a  series  of  micro- photographs, 
carefully  prepared  by  Mr.  W.  H.  Merrett,  and  by  wall  diagram!. 
(Plates  "XXIII.  to  XXV.) 

Fig.  1  shows  the  section  of  the  "  A "  tube  eroded  by  ^as. 
Fig.  2  is  a  section  of  a  "  land "  and  "  groove,"  the  dotted  lioe 
a  b  showing  the  original  rifling  of  the  bore  of  the  gun.  It  will 
be  evident,  therefore,  how  much  material  has  been  removed  W 
erosion,  as  shown  by  c,  d,  r.  The  magnification  is  in  tins  case 
about  3'3  diameters.  Fig.  -J  is  a  plan  of  a  "  land  "  and  "  groove," 
showing  the  eroded  surfacea.  Tlie  lighter  portion  is  the  raised 
"land,"  and  it  will  be  "bserved  that  there  are  transverse  fjasurea. 

Fig.  4  shows  a  section,  magnified  117  diameters,  of  the  driving 
edge  of  the  groove.  It  will  be  seen  that  the  altered  layer  re- 
sembles a  geological  deposit,  and  prohahly  consists  of  eroded 
matter  transferred  from  another  part  of  the  bore  and  welded  in 
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DISCUSSION. 

The  discussion  waa  openud  Ijy  Mr,  Windsor  Richakds,  VuV 
President,  who  said  he  waa  in  hopes  thai  the  Presideot-elect 
(Professor  Roberts- Austen)  would  litive  been  able  to  inform  them 
aa  to  how  erosiou  was  to  be  avoided.  He  had  the  pleasure  of 
meeting  a  very  large  manufacturer  of  guns  only  a  few  weeka  ago, 
and  he  iufonaed  him  (Mr.  Richards)  that  this  question  of  erosion 
was  alisolutely  settled,  that  there  was  no  erosion  whatever,  and 
that  he  (Mr.  Richards)  would  endeavour  to  obuiu  a  description  of 
the  arrangements  carried  out  ;  and  if  he  was  aacceaaful  he  woqU 
hand  them  to  the  Secretary  of  the  Institute. 

Mr.  G.  J.  Snelus,  Vice-President,  ventured  to  sugu-est  to 
Professor  Roberts- Austen  that  they  who  had  not  been  able  to 
study  the  questiou  so  thoroughly  would  gain  more  information  if 
he  would  add  to  his  paper  the  composition  of  the  gases  prodactd 
by  the  cordite,  or  whatever  waa  used,  and  if  possible  the  ten* 
perature  which  was  produced  by  their  explosion.  Both  theae 
elements  must  be  taken  into  account;  but  he  entirely  agreed 
with  him,  that  the  chief  cause  of  erosion  was  entirely  mechanical 
The  photographs  placed  before  them  were  most  interesting,  and 
required  deep  study.  He  had  bad  an  opportunity  of  examinm: 
them  for  a  short  time,  but  everybody  should  examine  them  with 
the  greatest  possible  care.  He  ventured  to  say  that  they  were 
the  finest  micro -photographs  that  the  Institute  had  yet  seen,  and 
he  thought  that  Professor  Roberts- Austen  should  have  their  best 
thanks  for  the  attention  he  had  given  to  the  subject. 

Professor  J.  O.  Aenold  said  he  should  like  to  ask  Professor 
Roberts-Austen  whether  he  had  ever  clearly  obtained  the  transi- 
tion stages  of  the  carbide,  troostite,  and  other  things  meotioned. 
He  had  examined  gun-tubes  almost  identical  in  composition  with 
those  dealt  with  by  Professor  Roberts- Austen,  and  in  every  respect 
but  that  the  structures  agreed  with  his.  It  would  be  well  for 
students  to  know  if  these  two  forms  had  been  observed  in  guns, 
and  if  so,  their  characteristic  features.    That  was  a  point  in  whicb 
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very  small  bored  perforations  for  the  escape  of  the  gases.  The 
erosion  jiroduced  in  these  passages  fairly  reproduced  the  furrowed 
surfaces  seen  m  meteoric  bodies,  and  which  in  the  latter  cue 
are  attributable  to  the  resistance  of  the  air  to  the  passage  ol 
bodies  moving  with  planetai?  velocities  at  their  entrance  into 
the  atmosphere. 

Professor  HoWE  said  Professor  Eoberts-Austen  had  called  ailea- 
tioQ  to  a  very  remurkable  phenomenon,  that  the  metal  in  the  in- 
terior of  the  gun  tube,  although  it  had  been  very  highly  heated  aitd 
very  suddenly  cooled,  was  not  in  the  condition  of  marteusite.  Ii 
appeared  to  be  only  a  very  thin  shell  in  the  interior  of  the  tube, 
which  became  highly  heated,  and  it  was  evident  that  the  cooling 
of  this  shell  by  the  very  great  maaa  of  the  gUn  surrounding  il 
must  be  very  rapid.  How  came  it  that  this  metal,  though  highly 
heated  and  suddenly  cooled,  did  not  contain  martensite  ?  Two 
explanations  suggested  themselves.  Either  that  martenaiu 
formed  at  the  moment  of  explosion,  when  the  temperature  of 
the  interior  of  the  tube  became  high,  but  that  this  martensite 
found  time  during  the  subsequent  cooling  of  the  interior  of  llie 
tube  to  change  hack  to  pearlite  and  ferrite ;  or  else  that  tlie 
heating  of  the  interior  of  the  tube  was  so  extremely  rapid,  and 
that  the  cooling  followed  on  this  heating  so  rapidly,  that  there 
was  not  time  for  martensite  to  form.  In  other  words,  the 
absence  of  martensite  was  accounted  for  either  by  supposing 
that  the  cooling  was  suMciently  slow  to  permit  the  martensite 
which  had  formed  to  decoinpoae,  or  else  that  both  heating  and 
cooling  were  so  rapid  that  martensite  had  no  time  to  form. 
This  second  supposition  implied  that  the  formation  of  martensiw 
was  not  instantaneous,  but  occupied  an  appreciable  length  of 
time,  a  very  interesting  and  important  application. 

Now  of  these  two  explanations,  the  former  seemed  hardly 
reasonable,  because  the  retention  of  martensite  did  not  seem  b) 
require  an  extremely  rapid  cooling,  Thus,  when  a  bar  of  coi- J 
siderable  dimensions  was  suddenly  cooled  by  plunging  it  JS« 
water,  there  might  be  martensite  in  its  interior,  yet  the  rate  offl 
cooling  in  the  interior  should  be  very  much  slower  than  A>-fl 
cooling  of  the  interior  of  the  gun  tube.  They  were  thiis  throwofl 
back  on  the  second  explanation.  jM 
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brief.  Mr.  Snelus  had  asked  him  to  determine  the  temperature 
of  the  gases.  That  was  a  matter  of  extreme  difficulty,  as  hitherto 
the  only  method  they  had  of  determining  such  high  temperatures 
was  afforded  by  the  use  of  platinum  thermo-junctions,  and  the 
temperature  of  the  explosion  was  often  greater  than  the  melting 
point  of  platinum,  so  that  the  most  readily  available  method  of 
determining  the  temperature  of  the  explosion  failed.  Therefore 
there  was  great  difficulty  in  ascertaining  the  temperature  of  an 
explosion.  With  regard  to  the  points  raised  by  Professor  Arnold, 
he  was  perfectly  satisfied  that  the  transition  forms  of  carbide, 
troostite,  and  sorbite  really  existed ;  but  he  had  better  try  to 
convince  Professor  Arnold  of  their  existence  by  the  aid  of  dia- 
grams and  by  photographs  than  by  prolonging  the  discussion. 
The  erosion  produced  did  not  involve  the  presence  of  solid 
particles,  but  might  be  perfectly  well  effected  by  gas.  With 
regard  to  the  streaks  and  fissures  which  appeared  on  the  surface 
of  the  ''  lands,"  similar  transverse  fissures  occurred  also  in  certain 
rails,  and  were  often  a  notable  cause  of  fracture. 

A  vote  of  thanks  was  heartily  passed  to  Professor  Boberts- 
Austen  for  his  valuable  paper.  His  Majesty  the  King  then 
took  leave  of  the  meeting,  shaking  hands  with  the  President  and 
Members  of  the  Council. 

The  President  announced  that,  owing  to  want  of  time,  the 
important  papers  by  Barou  Jliptner  and  Professor  E.  D.  Camp- 
bell would  be  taken  as  read,  and  proposed  a  hearty  vote  of 
thanks  to  the  authors. 
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It  should  be  noted  that  in  this  figure  the  freezing-poiiil  oi 
pure  (electrolytic)  iron  ia  taken  at  1600°  C,  whilst  in  the  former 
paper  it  has  been  taken  at  1500°  C.  (or  1530°  C). 

Unfortunately  there  exists  no  data  as  to  the  latent  heat  of 
fusion  of  pure  iron.  It  is  true  that  Person  has  given  a  geuenl 
formula  for  the  latent  heat  of  fusion  of  solid  bodies — 

where  K  is  the  modulus  of  eiasticity  and  d  the  specific  gravilj: 
but  although  this  value  is  fairly  satisfactory  in  the  case  of  leaii, 
tin,  bismuth,  zinc,  and  silver,  it  is  by  no  means  safe,  and  tW 
value  it  gives  for  iron,  viz.^ — - 

w=57  caloiin 
(K=  20,000,  d  =  7'8),  is  ao  high,  and  ditlers  so  considerably  from 
Gruner's   figures   (which,  of   course,  are   likewise   by  no  means 
unimpeachable),   that    it   appears   advisable   for   the   present  to 
retain  the  formerly  taken  value  of  20  calories.* 

From  these  data  we  arrive  at  the  following  conclusions : — 


I. — Freezing- Points  of  Fluitl  Iron-Carhon  Alloys. 

As  with  all  solutions,  the  Huid  iron-carbon  alloys  possess  only 
at  one  determined  composition  a  single  freezing-point.  This 
eutectic  iron-carbon  alloy  consists  of  iron,  95'7  per  cent,  carboa, 
4-3  per  cent ;  and  its  freezing-point  is  situated  at  1130°  C. 

Every  other  iron-carbon  alloy  possesses  two  clearly  distinct 
freezing-points,  of  which  the  higher,  in  the  case  of  alloys  poor 
in  carbon,  corresponds  to  the  separation  of  solid  iron,  bnt  in  ihe 
case  of  rich  carbon  alloys  to  tiie  separation  of  graphite,  whilst 
the  lower  one  represents  the  freezing-point  of  the  eutectic  alli^iJ^ 

Let  us  next  consider  the  temperature  of  separation  of  ! 
iron ;  we  have  melting-point  of  pure  iron  in  absolute  ' 
perature — 

r„= lOOO" +273°=1H73°, 

and  hence  the  molecular  melting-point  depression — 
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that  is  to  say,  the  molecule  of  the  dissolved  carbon  in  molten 
iron  is  monatomic. 

This  value  also  does  not  at  the  first  glance  appear  to  be  an 
impossible  one,  though  a  little  reflection  immediately  leads  to  a 
dififerent  opinion. 

For  the  lowering  of  the  fusion-point  we  have,  as  is  known, 
the  equation 

an  equation  in  which  t  and  m  are  variable,  but  JE  and  M  are 
constants,  and  which  represents  a  straight  lina 

As  long  as  this  line  goes  through  the  freezing-point  of  one  of 
the  constituents  of  the  solution,  the  following  expression 

i=^=taii  a 
m    M 

represents   the   tangents   of   the  angle  of  inclination    of  these 
straight  lines  to  the  m  axis. 

Under  these  circumstances,  tangent  a,  and  therefore  also  }i^ 
must  be  constant;  that  is  to  say,  so  long  as  the  fusion-point 
depression  curve,  starting  from  the  fusion-point  of  the  one  con- 
stituent of  the  solution,  forms  a  straight  line,  the  molecular 
atomicity  of  the  second  constituent  of  the  solution  remains 
unaltered.  This  is  the  case  in  the  curve  AB  for  C  =  0  to 
C  =  1*9  per  cent.,  we  get  the  molecular  weight  of  the  dissolved 
carbon  for  this  straight  portion  of  the  curve  in  the  following 
way.     If,  for  example,  we  put  C  =  1*5  per  cent. — 

«=1600  - 1400=200"  0. 
JE:=1218-6  (m  above),  and 

"    200 ^^*' 

that  is  to  say,  the  dissolved  carbon  molecule  can  only  consist  of 
f   atoms,   which    is  impossible.      The  impossibility  of   Person's 
value  for  w  is  thus  shown,  and  it  appears  therefore  justifiable 
for  the  present  to  retain  the  formerly  taken  value. 
Taking  in  our  further  consideration  the  values 

i£'=20  oaloriM  and 
^=3273 

we  obtain — 


248 


THE   SOLUTION    THEORY   OF   IRON   AND    STEEL. 


If  we  calculate  in  the  same  way  from  the  curve  BD  the 
molecular  atomicity  of  the  dissolved  carbon — even  if  the  calcula- 
tion cannot  be  regarded  as  reliable — we  get — 


C.  per  Cent. 


4  3 
4-5 
5-0 
5-5 


Fusion-Point 
"C. 


1130 
1150 
1208 
1260 


Fusion-Point 

Depression 

m. 

M 

Ik 

to°C. 

474 

4-49 

81-27 

2-61 

454 

4-82 

34-73 

2-89 

392 

5-26 

43*90 

3^ 

340 

5-82 

5601 

4-66 

If  now  we  turn  our  attention  to  the  fusion  curve  of  the  fluid 
eutectic  alloy  aBc,  we  find  in  it  the  following  points : — 


C.  per  Cent. 

Fusion-Point 
°  C 

Fusion-Point 
Depression 

m. 

M, 

1 
1 
i          fl. 

to^C. 

487 

20 

1113 

4-498 

3019 

2-51 

2-5 

1115 

485 

30-32 

2-53       1 

3  0 

1117 

483 

30*44 

2-54 

3-5 

1120 

480 

30-64 

256 

4  0 

1127 

477 

30-83 

2-57 

4-3 

1130 

474 

81-27 

2-61 

4-5 

1130 

474 

31-27 

2-61 

5  0 

1130 

474 

31-27 

2-61 

5-5 

1130 

474 

31-27 

2-61 

These  alloys  contain  about  equal  amounts  of  the  2  and  3 
carbon  molecules. 

Taking  the  specific  gravity  of  the  metal  at  its  fusion-point  as 
7*4,  we  get  as  the  approximate  value  for  the  osmotic  pressure  of 
the  dissolved  carbon  the  following  figures : — 


^'C. 

C. 

per  Cent. 

n. 

1500 

0-7 

2  0 

1400 

1-47 

2-0 

1300 

2-2 

2-03 

1200 

3-3 

2-25 

1130 

4-3 

2  GO 

1200 

4-9 

3-60 

1260 

5-5 

4-66 

Weight  of       ^^5  bt  of  1 
Carbon  in     Litre  of  Carbon 
1  Litre  of 
Metal. 


Gas  in  Grammes. 


50-8 
108-78 
162-80 
244-20 
318-20 


0164782 
0-174641 
0188533 
0-228157 
0-270746 


362-60 
407-00 


0-357052 
0-532697 


Osmotic  Pressure, 
Atmotpheret. 


Total. 


Perl 
per  Cent.  C. 


308-2 

623  0 

860-8 

1070-1 

1175-4 


440-3 
428-8 
891-3 
824-3 
273-4 


10157 
768-0 


207-3 
188-9 
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.or  for  1  kilo  of  pig  iron  with  3  per  cent,  graphil 

10x3x1419 


9= 


1000 


=42*57  ealorics. 


II. — Influence  of  Silicon  and  Manganese  on  the  Freaing-PoifU  of 

Fluid  Iron-Carbon  Alloys, 

If  we  now  bring  our  newly-acquired  knowledge  to  the  con- 
sideration of  those  iron  tests  which  formed  the  basis  of  our 
former  paper,  we  find  as  follows : — 

The  average  molecular  atomicity  of  the  carbon  in  Swedish 
white  pig  iron,  as  it  was  then  calculated  in  Table  V.  (n  =  2*53 
with  4*10  per  cent.  C),  agrees  excellently  with  the  newly-fomid 
value  {n  =  2*44  for  4  per  cent.  C,  and  n  =  2*62  for  4'5  per  cent  C). 

If  tlie  new  value  for  the  molecular  atomicity  of  the  dissolved 
carbon  for  3*29  per  cent.  C  (roughly  n  =  2*27)  be  made  use  of  in 
the  equations  relating  to  the  haematite  pig,  we  get  for  Jf  =  55*82 — 


55-82  X  0-0874 


4-8787 
6-74-678 


4-8787 

1-bo* 


thus  a  negative  result  This  may  either  arise  from  the  fact  that 
the  atomicity  of  the  dissolved  carbon  molecule  does  not  depend 
only  on  the  content  of  carbon,  but  may  also  be  influenced  by 
the  content  of  the  other  accompanying  bodies ;  partly,  however, 
from  the  fact  that  JIf  =  55*82  was  reckoned  on  the  supposition 
that — 

^0=1500  +  273=1773  (for  iron)  and  -B=3112. 

We  must  therefore  re-reckon  all  our  formerly  obtained  values 
from  our  new  data,  and  then  we  obtain — 


No. 


Composition. 


Fe  per  Cent,    i  Mn  i>er  Cent. 


Fusion -Point 


100(H) 


1 

i.'Mm 

2 

48-18 

3 

82-20    I 

4 

99  89    ' 

5 

70-93 

B 

96-99 

7 

99-87 

100  00 

86  02 

.51-82 

17-80 

Oil 

29-07 

3-01 

0-13 


T 


1873 
2173 
2131 
2028 
1926 
1873 
I960 
1882 
1873 


MolecnUr  Fusion-Point 
Depression 

^=0-0198?^. 


3273 
4675 
4219 
4015 
3813 
3708 
8881 
3726 
3706 
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From  the  above  figures  it  follows  that  we  must  modify  oar 
original  conclusions  in  the  following  manner: — 

1.  The  carbon  and  silicon  molecule  dissolved  in  the  molten 
iron,  or  molten  iron  and  manganese,  consists  of  an  equal  number 
of  atoms. 

2.  The  atomicity  of  this  carbon  and  silicon  molecule  is  inde- 
pendent of  the  quantity  of  manganese  present. 

3.  It  increases,  however,  with  the  total  content  (ez{Hressed  in 
carbon  equivalents)  of  carbon  and  silicon. 

4.  In  very  dilute  carbon  (and  probably  also  silicon)  solu- 
tions (up  to  2*5  per  cent.)  these  molecules  consist  of  two 
atoms. 

5.  The  mean  atomicity  of  the  molecule  increases  from  the 
above  limits  for  1  per  cent,  carbon  or  y  per  cent,  silicon  by  about 
0*25  atom  (but  with  higher  percentages  of  both  elements  together 
about  double  this)  ;  and 

6.  It  reaches  in  the  case  of  a  total  of  about  8  per  cent  of 
C  and  Si  (in  C  equivalents)  to  five  atoms. 

As  is  known,  the  osmotic  pressure  of  equal  quantities  of  carbon 
and  silicon  varies  inversely  as  their  molecular  weight,  so  that  we 
can  readily  calculate  the  osmotic  pressure  of  silicon  from  that  of 
carbon  and  obtain  : — 


Temperature 
in^C. 


1500 
1400 
1300 
1200 
1130 


Osmotic  PresBure  of  1  per  Cent. 


Carbon  in 


440-3 
423-8 
391-3 
324-3 
273-4 


Silicon  in 


Atmospheres.        Atmospheres. 


188-7 
181*6 
1677 
189  0 
117-2 


Values  considerably  higher  than  in  the  former  treatise. 

From  this  is  calculated  for  saturated  solutions  the  maximum 
osmotic  pressure  at  the  fusion-point. 

(a)  For  iron  with  4*63  per  cent.  C  (fusion-point  =  1066**  C.) : — 


i'iiiax=4-63x  299=1384-37  atmosphere*. 
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From  this  it  further  follows : — 


Sepora- 
tion-Tem- 

pwsture. 

C 

Fs 

SoluUon 
per 

m. 

W  (1=1600). 

At, 

0-0 
01 
0-2 

0-0 
1-5 
3-0 

100-0 
98-6 
97-0 

1-62 
3-09 

jf=^=0«02iB3A 
M=|^=0-00391I  B. 

At, 

O'O 
01 
02 

0^1 
1-5 
3-0 

100-0 
98-5 
97-0 

Since  the  qoantit;  of  territe  icfi- 
nted  M  Ar,  i>  not  infficieDtlf 
well  known,  m  and  M  cwmol  In 
ddcoUlod  near  onoQBh,  but  »p- 

M=^^=0-005273J: 

Ar,^ 

0-3 

0-6 
0-86 

4B 

9-0 
12-9 

99-5 
91-0 

87-1 

4-67 
9-89 
14-81 

For  the  solid  eutectic  alloy  (perlite)  approximately  :— 

Jf=0-01B  B. 
Now,  E.  D.  Campbell  has  ehowo  the  great  probability  of  the 
existence  of  iron  carbides  of  the  formnlffi  Fe^Cj,  Fe^Cj,  Fe,jC,, 
and  Fe,jC^ ;  and  it  is  natural  to  attempt  to  identify  Campbell's 
data  with  the  values  obtained  above.  In  that  case  one  would 
get  fairly  accurately  the  following  results : — 


Sepan 


I  730°  C. 
I  690°  C. 

,    670° C. 


i  (Fb,C) 
1-6  (Fe,C) 


6(Fe,0) 


Even  it  these  figures  are  by  no  means  reliable,  yet  they  do 
not  cuntradict  the  fact  shown  by  H.  Sanitor,  that  iron  carbi^Je 
begins  to  dissociate  at  800°  C. ;  that  is  to  say,  that  at  a  temperature 
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ON    THE    DIFFUSION    OF    SULPHIDES 

THROUGH    STEEL. 

[SUPPLEMENTARY    PAPER] 
Uy  K,  IX  CAMPBELL  (University  op  Michigan,  Ann  Arbor). 

On  n^ading  the  account  of  Mr.  J.  B.  Stead's  uDsuccessfuI  experi- 
ments *  on  ditVusing  sulphides  through  steel,  and  his  criticism  of 
my  work  on  the  same  subject,t  I  felt  called  upon  to  take  up  the 
work  again,  in  oixior  to  try  and  determine  whether  any  more 
intornuition  could  he  obtained  regarding  the  conditions  under 
which  sulphides  may  be  made  to  diffuse  through  steel. 

My  old  stock  of  diffusing  oxysulphide  having  been  exhausted, 
I  have  made  a  new  sample,  which  has  given  extremely  good 
results.  This  sample  was  prepared  by  intimately  mixing  the 
following  materials :  250  grammes  of  laboratory  sulphide,  contain- 
ing 26*31  per  cent,  sulphur,  13*25  grammes  of  precipitated  black 
oxide  of  iron,  F^gO^,  and  42*65  grammes  of  manganese  oxide,  MnOj. 
The  object  of  adding  the  manganese  dioxide  was  to  see  whether, 
if  part  of  the  iron  was  replaced  by  manganese,  the  oxysulphide 
produced  would  diffuse  any  more  readily  than  when  iron  alone 
was  present.  The  above  mixture  was  placed  in  a  close-grained 
clay  crucible,  melted,  and  poured,  as  soon  as  liquid,  into  an  iron 
mould,  precisely  as  in  our  former  work  in  making  our  diffusing 
oxy  sulphides. 

The  sulphide  thus  produced  showed  the  following  composi- 
tion : — 

Oxides  other  thau  iron  or  manganese       ....  4*56 

Iron 69-30 

Manganese 7*26 

Sulphur 20*65 

Oxygen  (by  diff. ) 8*23 

100-00 


*  JoumaX  of  the  Iron  and  Steel  InstituU,  1897,  No.  XL  p.  96. 

t/6»<i.,  pp.  80-94. 
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mem  required  about  three  hours.  The  heating  was  perfonned 
with  access  of  air,  so  that,  after  cooling,  the  bar  was  found  to  be 
covered  with  a  heavy  scale,  aud  the  asbestos,  on  which  the  bar 
rested,  was  found  to  be  soaked  completely  through,  and  ui  the 
extreme  edges. 

The  scale  was  removed  and  divided  into  two  portions — thit 
from  the  upper  and  that  from  the  lower  half  of  the  bar.  These 
scales,  as  well  as  the  asbestos  which  had  absorbed  the  diffusing 
sulphide,  were  weighed,  ground,  and  analysed  to  determine  the 
amouDt  of  copper  in  each.  The  bar,  after  removing  the  scale, 
was  weighed,  theu  sawed  vertically,  so  as  to  bisect  the  hole  and 
show  the  extent  to  which  diffusion  had  taken  place.  An  exami- 
natioQ  of  the  hole  showed  th»t  the  sulphides  had  diffused  almost 
perfectly,  a  few  thread-like  particles  only  iiaviug  been  found  on 
one  aide  of  the  hole ;  the  metal  ou  all  sides  of  the  hole  showed 
no  signs  of  beiny;  affected  in  any  way,  the  outline  bein^-  perfectly 
sharp,  aud  the  tine  between  the  plug  and  the  sides  of  the  hok 
bein^'  almost  indiscernible.  The  bar  was  drilled,  and  the  drill- 
ings analysed  for  copper,  the  amount  remaining  in  the  bar  being 
thus  determined.  The  distribution  of  the  copper  after  the  ex- 
periment may  be  best  judged  by  the  following  table  :■ — 


Aibettos. 

WMghl. 

Per  Cent. 

of  Cupper. 

Wt\ght  of 

Per  Cent  ct 
T<>tilCa»Ued, 

40200 

36'42 
SOW 
22-09 

0-026 
580 
0191 
0153 

o-iatB 

2-06M 
U-OSTO 

0ti337 

5-26 
86 -TS 
2-41 
1-13          i 

ToUl    . 

3-2898 

96-87 

Thus,  as  will  be  seen,  95'87  per  cent,  of  the  total  copper 
added  is  accounted  for,  90-62  per  cent,  having  diffused  tlirough 
the  bar.     The  original  bar  showed  no  traces  of  copper. 

Exptriment,  June  6.^This  experiment  was  made  to  determine 
whether  the  sulphides  would  diffuse  in  a  non-oxidising  atmoft- 
phere.  A  bar  prepared  similarly  to  the  one  used  in  the  previous 
experiment  was  placed  upon  ssbestos  in  the  furnace.  There  was 
placed  in  the  furnace  also  a  couple  of  large  pieces  of  charcoal, 
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some  of  the  diffusiate  is  left  in  the  middle.  The  lack  of  increase 
of  sulphur  is  easily  accounted  for  by  the  fact  that  the  diffosioD 
is  performed  in  an  oxidising  atmosphere,  and  at  the  temperature 
at  which  the  experiment  is  performed,  steel  being  apparently 
decidedly  porous,  any  small  amount  of  sulphide  in  the  steel 
would  be  oxidised,  the  sulphur  passing  out  as  sulphur  dioxide. 

I  have  sent  a  set  of  specimens  to  Mr.  R.  A.  Hadfield,  showing 
a  bar,  some  asbestos,  and  oxysulphide  used  before  heating;  one 
showing  bar,  asbestos,  and  false  bottom  after  heating ;  one  show- 
ing bar  and  asbestos  sawed  through  without  removing  the  scale; 
and  the  specimens  from  the  experiments  May  30  and  June  6. 

The  experimental  work  of  the  above-described  has  all  been 
done  by  my  assistant,  Mr.  Carl  Sundstrom,  and  to  the  care  with 
which  he  has  performed  the  work  the  satisfactory  results  are  due. 


CORRESPONDENCE. 

Mr.  J.  E.  Stead,  Member  of  Council,  said  he  was  exceedingly 
glad  that  his  mild  criticisms  on  Mr.  Campbell's  paper  had  resulted 
in  more  experimental  trials  being  made.  It  was  quite  evident 
Mr.  Campbell  appreciated  that  it  was  diflBcult  to  conceive  that 
diffusion  would  take  place  through  solid  steel  without  some  of  the 
diffusiate  being  left  en  route  to  the  exterior,  and  he  had  now 
experimentally  shown  that  some  of  the  copper  used  in  his  more 
recent  experiments  had  been  retained  in  the  mass  of  the  steel 
itself.  He  (Mr.  Stead)  had  not  had  time  to  further  investigate 
the  question  in  the  direction  followed  by  Mr.  Campbell,  but  he 
had  obtained,  by  different  methods  of  investigation,  several  results, 
in  which  he  had  proved  that  sulphide  of  iron  had  diffused  into 
steel,  and  was  retained  there  to  a  very  much  greater  extent  than 
anything  brought  forward  by  Mr.  Campbell.  He  hoped,  when 
the  opportunity  arrived,  to  complete  his  experiments,  and  place 
the  results  before  the  Iron  and  Steel  Institute. 


In  connection  with  the  Stockhoiiu  Meeting  au  inflaential  Local  Bec«p- 
tion  Committee  was  formed  at  Slockliolni,  to  make  amtngements  for 
receiving  the  Institute.     The  President  of  the  Committee  was  Baron 
Gustuf  Tttnim,  Governor-General  of  Stockliolm,  an^i  Prusiii^nt  of  the 
Jernkontor.     BeHidea  Barou  Tamm,  the  Committee  iiicluiied  the  follow- 
ing forty-three  noblemen  and  gentlemen :  Hie  Excellenuy  Buron  I 
Ewen,    M.P.,    Lord   Steward;    Mr.  K,   Akermuii,  Ph.D.,   M.P.. 
Member  Iron  and  Steel  Institute,  Director-General  of  the  Bnanl  of  Tnd«^ 
Mr,   C-  A-'p-lin,  FugaTBta;    Baron    C.   J.   Beck-Frilfl,   Harg ;    M>.  1 
Bergendal,  M.I.S.I.,  Siiderfors;  Mr.  G.  F.  Berndes,  M.P-,  Slockbolil|^ 
Mr.  J.  A.  Brinell,  M.I.S.I.,  Fagerstu ;  Mr.  P.  J.  BrSkenhjelm,  Govetn 
of  the  Province  of  Upsiila;  Count  0.  Cronstedt,  Lovd-iii- Waiting; 
Messrs.  C.  Danielason,  M.I.S.I.,  TJddeholm ;  G.  Dyranen,  Captain  I 
Bofora;    P.  Erkisson,  Hofors;    H.  P.  V.  Gahu.  Wikmanahyttan ; 
Geijer,  Artillery  Colonel,  Stockholm  ;    R.   Geyer,  Uddeholm ; 
GOrsnason,  M.I.S.I,,  Saudviken  ;   F,  Giiransson,  Sandviken  j    i 
leniuB,  Artillery  Cajitain,   M.LS.L,  Storfors ;    G.   Jaiisson,   TJddehi; 
(Munkfora);  J.  C.  Kjellborg,  M.l.S.L,  Slot: k holm ;  C.   F.  Lilje* 
Stockholm;  C.  C,  Lindberg,  M.I.S.I.,  I^xa ;  A.  Liudman,  Commandl 
TI.N.,  M.I.8.L,  Iggeaund;    A.  G.  Ijungberg,  M.LS.L,  Falun;   E.  J 
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burg,  and  witli  rh   Uluatraled  account   of   Dalecarlia  by  the  Dtiani« 
Railway  Company. 

Ill  tlie  afternoon,  from  3.30  to  5  P.M.,  the  members  visiCed,  by  ursai^ 
ment  with  the  Svenaka  Teknologtorenirigen  (Committee:  Mr.  A.  NoiJ- 
strom,  chairman,  Mr.  Ad.  Ahlaell,  Mr.  M.  Borgatedt,  Mr.  C.  F.  Ekennm, 
and  Mr.  J.  I'ihlgrec),  tlie  foilowing  works  and  places  of  interest  :— 

(1)  The  new  Gasworks  of  the  city  (Gasverket),  half  an  hour's  drive. 

(2)  The  Duiry  Machinery  Works  (Akltehologet  Separator),  1 

(3)  Pottery  Works  (Riitstrand's  Aktielml^),  Eorstrand. 

(4)  The  Telephone  Central  Station,  Malmskibadsgataii  30. 

(5)  The  Testing  Laboratory  ol  the  Royal  Technical   High  Schn^ 

Droit ninggatan  95. 
(0)  De  Laval's  Steam-Turhiive  Works  (Aktiebolaget  de  Lavnl  i 
turbin),  at  Jerla. 


Banquet  at  Hasselbacken. 

In  the  evening  the  members  were  entertained  at  dinner  at 
backen  by  the  Aasocialion  of  Swedish  Ironmaatera.  Baron 
presided,  and  there  waa  a  largo  attendance. 

Baron  Tahh  proposed  the  first  toast,  "  His  Majesty  King  Oscar,"  « 
next  gave  the  toast  of  "  Her  Majesty  Queen  Victoria."  He  Bald : 
is  about  a  year  ago  since  the  sixtieth  anniversary  of  Qaeen  Victoii 
long  aiii)  prosperous  reign  nas  celebrated  by  her  true  and  loyal  subjee 
from  all  quarters  of  the  globe,  with  enthusiastic  demon etrat ions  of  thi 
feelings  of  love  and  veneration.  This  homage  resounded  in  all  the  con 
tries  of  the  world ;  also  here  in  Sweden,  where  manifold  intimate  re 
tions  and  the  old  aflinitj  connect  our  people  with  yours,  the  very  oai 
of  the  beloved  sovereign  was  an  object  of  general  sympathy,  respect>  (U 
veneration.  Another  blessed  and  happy  year  has  now  been  added 
the  sixtieth,  and  we  cannot  but  r«joice  with  you  and  join  in  your  nol 
feelings  whenever  that  dear  name  is  mentioned.  The  fact  that  i 
Majesty  Queen  Victoria  is  loved  by  everybody  and  everywhere  with 
and  without  your  country  miglil  easily  be  explained  by  a  great  nta 
reasons.  On  this  occasion  it  will  be  sufHcient  only  to  remind  you 
the  glorious  example  she  has  set  by  her  public  life  to  all  her  contei 
porary  sovereigns,  not  less  than  also  to  future  monarchs  of  all  count 
being  at  the  same  time  an  impersonation  of  all  the  best,  noblest, 
most  syuipathctic  qualities  of  your  British  nation.     I  beg  to  pro| 
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was  by  the  spirit  of  energy  and  perseverance  and  love  of  freedom,  re^Kct 
for  law  that  Englishmen,  such  as  their  honoured  guests,  w^Nit  abrotd, 
and  wherever  they  went  had  taken  with  them  the  same  spirit  and 
planted  it  there.  It  was  by  this  spirit  that  this  special  civilising 
influence  had  been  brought  out  by  England,  and  that  was  whj  lie 
would  give  in  the  truest  sense  of  the  word  the  name  of  Great  Britain. 
He  proposed  the  toast  of  "  Great  Britain,"  with  the  wish  that^  as  she  bsd 
done  so  many  times  before,  she  would  never  forget  that  right  was  better 
and  stronger  than  might.  He  then  called  upon  his  countrymen  to  give 
"  hurrahs  "  for  Great  Britain. 

Sir  James  Kitson,  Bart.,  M.P.,  Past-President,  in  responding,  said 
that  he  found  himself  in  a  considerable  difficulty.  In  the  first  place  be 
had  to  respond  on  behalf  of  Great  Britain  to  an  eloquent  speech  made 
by  one  of  the  great  politicians  of  Sweden.  He  also  knew,  what  perhaps 
many  of  their  Swedish  friends  did  not  know,  that  he  had  to  speak  in 
the  presence  of  two  distinguished  English  politicians,  one  who  was  a 
member  of  the  late  Government  of  the  Queen  (Mr.  Edmund  Robertscm, 
Q.C.,  M.P.),  and  the  other,  who  was  the  first  and  most  distinguished 
advocate  at  the  English  bar  (Sir  Edward  Clarke,  Q.C.,  M.P.).  Although 
the  individual  who  addressed  them  was  not  of  much  moment,  the 
country  that  he  repre^^ented,  and  the  section  of  the  country  which  was 
honoured  by  being  their  guests  that  evening,  was  a  great  and  an  eminent 
one.  It  might  interest  them  to  know  that  Mr.  Windsor  Richards  and 
himself  that  morning  reckoned  up  the  quantity  of  pig  iron  which  was 
manufactur«Ml  in  the  works  controlled  by  the  gentlemen  who  sat  at  the 
Council  table  of  the  Institute,  and  when  he  told  them  that  they  manu- 
factured 2,500.000  tons  of  i>ig  iron  per  annum,  he  hoped  that  they 
would  be  exalted  in  their  estimation.  They  would  know  that  this  was 
about  live  times  the  quantity  of  iron  which  was  manufactured  by  their 
great  country  of  Sweden,  and  the  country  from  which  he  came  was 
happy  in  manufacturing  about  twenty  times  the  iron  which  Sweden 
produced — happy  for  England  that  Sweden  did  not  produce  that  quantity, 
happy  for  England  that  the  Swedish  people  were  able,  notwithstanding 
all  these  enormities,  to  receive  them  in  the  gracious  manner  that  they 
did.  They  were  happy  in  their  association  with  Sweden,  because  they 
had  been  indebted  to  Sweden  for  more  than  a  century  to  their  eminence 
as  manufacturers  of  steel,  because  they  had  been  able  to  draw  from 
Sweden  a  magnificent  quality  of  iron. 

And  now  this  Greater  Britain  found  itself  in  face  of  another  threaten* 
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be  mentioned  was  the  absence  of  that  jealousy  which  once  charsclctiw^ 
the  Bteel  works,  especially  in  di&eteut  countries,  that  was  to  fiav,  ibc 
meetings  of  khe  Institute  Lad  caused  the  opening  of  a  g^^at  nunj 
iuteresting  worka  whioli  used  to  be  more  or  less  closed  up  not  onlj  lo 
real  but  also  to  iiiia^nary  rivals.  Now  that  the  old  Jemkontoret  hti 
been  happy  enough  to  have  the  honour  of  receiving  as  guests  its  ctt* 
tainly  much  younger  but  nevertheless  far  bi^er  and  more  Tigaroos 
colleugue,  the  Iron  and  Steel  Inelitute,  he  felt  proud  of  the  1ionoanbl« 
task  of  proposing  a  toast  for  the  welfare  of  the  Icon  and  Steel  lusljtak. 

Mr.  K,  P.  Mabtin,  the  President  of  the  Institute,  in  reapondin^  said 
he   had   often    felt    that    he  was  wonting  in  that  eloquence  so  neccc- 
sary  in  their  President,  and  which  be  had  never  felt  more  than  he  did 
on  thai  occaaioo.     But  he  would  endeavour  to  do  what  he  could  ta  tepl; 
on  behalf  of  the  Institute,  and  to  thank  Mr.  Akerman  for  his  kind 
and  complimentary  references.     Since  their  arrival  in  Sweden  ihey  had 
felt  that  they  were  not  amongst  strangers  but  amongst  kinsfolk.     The 
very  great  kindness  that  tliey  had  received  on  all  hands,  from  the  highest 
to  tlie  lowest,  would  ever  be  remembered  by  them  alL     The  advantage 
their  Institute  derived  from  its  cosmopolitan  character  had  never  l 
better  shuwn  than  duriny  that  visit.      They  had  enjoyed  bospitali^, .1 
be  might  say,  in  almost  every  quarter  of  the  globe ;  at  any  ral«,  tlwf  I 
bad  enjoyed  hospitality  in  Uelgium,  France,  Germany,  Austro-Uun^uj^  I 
Spain,  America,  and  Sweden,  aud  one  of  those  days  they  might  gt  1 
to  China  and  Australia.     His  Majesty  King  Decar  had  been  graciously 
pleased  to  invite  them  to  his  palace,  and  he  was  about  lo  confer  upon 
the  Institute  the  unprecedented  honour  of  taking  part  in  their  proceed- 
ings, showing,  as  he  always  had  done,  the  great  interest  be   look  io 
science  and  art. 


Professor  W.  C.  Robbbts-Austen,  C.B.  (President-elect),  said  he  b 
lievod  that  teclitiically  he  was  responding  to  the  same  toast  as  that  ta'| 
which  tiic  President  had  already  replied,  and  he  had  nothing  to  add  U 
what  he  had  so  sympathetically  said  except  to  assure  them  that  oot  onedl 
their  guests,  whatever  their  nationality,  would  ever  forget  their  apleoi! 
reception  io  Stockholm,  He  had,  however,  been  granted  a  i 
privilege  that  night,  for  he  had  been  allowed  to  propose  the  health  < 
their  hosts  that  evening,  the  J«mkontor  of  Sweden,  that  great  t 
of  Swedish  ironmasters  who  so  adequately  represented  all  llieae  v 
suientitic  and  induatrifll  interestn  which  they  as  members  of  the  Iron  ■ 
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ficent  building  such  as  that  in  wliich  they  were  received  on  the  pnvioiL- 
night,  and  tlie  frieze  around  that  building  representing  the  meUlIn^ 
of  iron  from  the  raising  of  the  ore  to  the  Bessemer  convener,  and  *ten 
longer  as  connected  with  the  laboratory.  Would  that  tbev  had  aboild- 
ing  Guch  OS  that  at  WestminEteT  or  Charing  Gross.  Naturally  li«  v» 
to  couple  with  the  toaat  the  name  of  Baron  Tarhm.  They  already  knew 
that  he  was  Governor- General  of  Stockholm  and  President  of  the  Jem- 
kontor,  and  aa  President  of  the  Reception  Committee  they  all  knew 
how  intensely  kind  he  and  everybody  associated  with  him  had  bc«n. 
He  hoped  Baron  Tamm  would  forgive  them  if  they  gave  ezpreaeion  to 
their  feelings  not  by  the  three  hurrahs  which  were  so  endeared  to  \iu>m 
by  home  aesociatiouB,  but  by  another  mode  of  expression,  to  t«U  him 
from  their  hearts  that  of  which  there  was  no  doiiht,  that  "  He's  a  jolly 
good  fellow," 

Dr.  Akerman  then  proposed  "  The  other  Guests,"  who,  he  said,  were 
largely  representative  of  those  who  were  connected  with  the  government 
of  the  two  nations.  There  was  first  the  Master  of  the  Royal  Honw- 
hold,  tlirough  whom  they  had  been  honoured  with  the  gracious  invita- 
tion to  the  royal  banquet.  Ta  these  gentlemen  their  best  and  most 
respectful  thanks  were  due  for  the  splendour  which  their  presenca  had 
given  to  the  dinner ;  and  he  hoped  they  felt  themselves  at  home  id 
this  gathering  of  workers  in  the  most  useful  and  necessary  of  all  the 
metals.  Among  the  gueste  who  also  ought  to  be  specially  mentioned 
there  were  representatives  of  the  Swedish  Society  of  En^neets  and 
Architects,  whose  works  had  been  kindly  opened  to  the  memben;  i 
and  also  the  railway  authorities,  who  would  carry  the  party  on  excoi^J 
.lions  to  some  of  their  iron -producing  districts.  They  further  fdfel 
happy  in  seeing  present  the  representatives  of  the  Swedish  TeuhninI 
Society,  and  representatives  not  only  of  tiie  Royal  Ordnance  Deport- 
ment, the  School  of  Mines,  and  the  Royal  Mint,  hut  also  all  the 
industrial  works  at  Stockholm,  which  were  open  to  visitors  during  t 
meeting. 

Mr.  Hkrbebt,  Secretary  of  the  British  LeKatiou,  and  the  Rig 
Honourable  J.  £.  von  KRUBBNSTJBRKa.  the  Minister  of  the  Inierio^ 
returned  thanks,  and  the  pruceediugs  terminated. 
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acholarsl  II  is  not  to  me  to  give  any  answer  to  it.  But  whstarer « 
may  have  failed  to  do  in  this  respect,  one  thing  at  least  1  might  *j— 
BuhoUra  gmteful  to  our  teachers  have  we  been,  are,  and  shall  ever  be. 

"  It  is  this  feeling  that  I  would  express  in  the  toast  which  I  qov 
propose  for  the  British  Iron  and  Steel  Institute,  and  for  its  welfare.' 

The  return  jonmey,  about  11  p.m.,  was  marked  by  cbanning  illimii- 
nationa  and  lin-works,  commencing  at  the  palace  and  continued  at  all  t)tt 
villus  and  summer  residences  on  the  shores  of  the  lake,  the  signal  lor 
the  latter  being  given  by  the  steamer  carrying  the  LSwedish  visitors, 
so  that  there  was  a  continued  succession  of  surprises  until  Stoekhohn 
was  reached,  when  a  moat  charming  entertainment  came  to  an  end. 


Luncheon  at  Habselbacken. 

On  !:)uuday,  August  28th,  the  members  and  the  ladies  accompaojing 
them  were  invited  to  a  farewell  luncheon  at  Hasselbacken.  The  chair 
on  this  occnaion  was  taken  by  Dr.  Akerman,  who  had  on  his  right  Mrs. 
Martin  and  un  his  left  Mrs,  Rolierts- Austen.  At  the  lunch  Mr.  Martin, 
in  the  course  of  a  Rhort  speech,  announced  that  he  had  just  reoeired  a  . 
telegram  stating  that  the  South  Wales  strike  waa  settled.  ■ 

Alter   luncheon    the    company   adjourned    to    Skauseii,    an    op«n^'| 
museum,  which  contains  a  unique  collection  of  objects,  showing  life    ' 
in  various  parts  of  Sweden  and  at   different  periods  of  her  historr. 
Here  a  charming  exhibition  of  national  dancfs  and  folk-songs  was  given 
by  men  and  girls  from  the  different  provinces  of  the  kingdom,  all  dressed 
in  the  typical  {>casant-costumes  of  their  localities,  ^ 


Visit  to  the  Mines  of  the  Arctic  Circle.  ' 

Prior  to  the  general  gathering  at  Stockholm  a  limited  number  of  the 
members  of  the  Institute  were  kindly  invited  by  tlie  Gellivare  Mining 
Company  to  visit  their  iron  ore  mines  at  Gellivare,  the  deposits  it 
Kiirunavaara  and  Luossavaara,  and  the  ore-dressing  plant  at  Luleft.  The 
party  consisted  of  the  following  gentlemen  :  Mr.  William  Whitwell 
(Hon.  Treasurer),  Mr.  H.  Baiierman,  Mr.  G.  R.  Danell,  Mr. 
Graves,  Mr.  W.  R.  Hay,  Mr.  J.  K  Jefferies,  Mr.  D.  A. 
J.  de  Lazurlegui,  and  Mr.  H.  G.  Turner.  Mr.  Otto  Broms,  the  enj 
of  the  company,  accompanied  the  party  from  start  to  finish.  «nd  a 
hiui  was  Mr.  John  Hammar,  managing  director  of  the  De  Laval  i 
Giowlamp  Company,  Ltd. 
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24tli.  It  hnd  been  intend<vl  that  Ihe  return  should  be  msde  hf  sUnur 
on  the  Gulf  of  BotbniEk  and  the  Baltic,  but  the  weather  had  been  » 
uncertain  that  in  view  of  possible  delay  the  train  journey  was  con«d€t»l 
preferable. 

At   the   station    the   party   was   greeted    by  Conaol   G.    £.    BroDU, 
managing  director  and  chairtnan  of  the  company,  and  was  entertained  J 
at  dinner  at  Haseelbacken  before  the  memhers  fieparat«d  to  prepare  (oh 
the  ruading  of  papers.  ■ 

Throughout  the  journey,  which  lasted  eleven  days,  no  paioR  wgnfl 
spared  to  make  the  viait  successful,  la  the  far  north  the  coantrv  hidJ 
to  be  scoured  far  and  wide  for  boats,  carriages,  and  food,  but  Mx,] 
Bruno  Lomm,  the  head  of  the  police  in  that  vast  district,  accompanied 
the  party,  and  was  always  to  the  fore  night  and  day.  Mr.  Hammai  nill 
the  life  and  soul  of  the  party,  besides  being  a  most  successful  "EotlakJ 
flend,"  and  the  numerous  engineers  and  managers  of  worka,  most  of  whoM 
apoke  raost  excellent  English,  gave  every  information  in  their  powna 
To  Mr.  Otto  Broms  the  success  of  the  trip  may  indeed  be  said  to  bfl 
mainly  due,  for  his  imperturbable  good  nature,  kindly  consideration,  anfl 
great  forethought  for  ail  things  great  and  small,  never  onc«  failed  in  (lid 
slightest  degree,  even  in  the  most  anxious  moniBnts,  during  this  tmiqan 
instructive,  and  pleasant  journey.  ^^^^J 

Northern  ExcnusiON.  ^^^^| 

After  the  meeting  a  Umit«d  number  of  members  were  invited  to  vuB 
the  mines  and  works.  I 

The  first  excursion,  which  followed  the  Iron  and  Steel  InstitoM 
meeting  in  Stockholm,  was  devoted  to  visiting  mines  and  works  nortU 
of  Stockholm.  Fifty  members,  including  Mr,  K  P.  Martin  (the  PreaM 
dent).  Sir  James  Kitson,  Bart.  (Past  President),  Mr.  E.  WindsoM 
RiohardB  (Past  President),  Mr.  W.  H.  Bleckly  (Vice-President),  aofl 
Mr.  Bennett  H.  Brough  (Secretary)  left  Stockholm  on  Sunday,  Augaw 
28,  in  a  spcial  train  of  Pullman  cars,  and  in  three  days  visitaU 
Grangeaberg,  Domnarfvet,  Falun,  Hofors,  Sandviken,  Forsbacka,  SkiittJ 
kar,  and  Dannemora,  the  total  distance  covered  being  125  miles.  Durioo 
the  whole  time  the  members  were  entertained  with  lavish  hospiulity  >■ 
breakfast,  luncheon,  and  dinner  by  the  various  companies,  who  thran 
tlieir  works  open  to  inspection  in  the  most  liberal  manner  possible.  I 

Tlie  following  was  the  programme  of  the 
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10  A^M. — Departure  from  Skutskar. 

11,55  A.M. — Arrival  at  Dannemora, 

12  to  1.30  P.M. — Visiting  the  Dannemora  Mines. 

1.30  P.M. — Dejeuner  dinaioire,  by  invitation  of  the  owners  of  the 

Dannemom  Mines, 
3  35  P.M. — Departure  from  Dannemora. 
7  P.M. — Arrival  at  Stockholm. 


The  trains  for  this  excursion  were  placed  at  the  disposal  of  the  membeis 
by  the  courtesy  of  the  Government  Railway  Administration,  and  of  the 
OxclCvsund-Flen-Westmanland,  the  Orebro-KOping,  the  Central  Swedish, 
the  Bergsla^rna,  the  Gefle-Dala,  and  the  UpsaJa-Margretehill  Railway 
Companies, 

The  distances  travelled  were  as  follows : — 


Stockholm  to  Ghingesberg 
Gningesberg  to  Domnarfvet 
Domnarfvet  to  Falun 
Falun  to  Hofors     . 
Hofors  to  Sandviken 
Sandviken  to  Forsbacka 
Forsbacka  to  Gefle 
Gefle  to  Skutskar 
Skutskar  to  Dannemora 
Dannemora  to  Stockholm 


Total 


Milei. 

189 
41 
14 
23 
20 
1 
14 
10 
40 
73 

425 


When  the  train  drew  up  at  Grangesberg  early  in  the  morning  of 
August  29,  it  was  seen  that  the  station  was  decked  with  the  Swedish 
and  British  colours,  and  along  the  route  leading  to  the  manager's  hoose, 
where  breakfast  was  served,  there  were  Venetian  masts,  bunting,  and 
fir-branch  decorations.  The  band  played  during  the  morning  meal, 
which  was  served  by  girls  in  the  national  costumes,  and  the  toasts  usual 
on  such  occasions  were  drunk  with  enthusiasm,  which  served  to  keep 
the  guests  warm,  for  the  morning  was  raw  and  misty,  and  the  overflow 
of  visitors,  whom  the  manager's  dining-room  could  not  accommodate, 
breakfasted  al  fresco  on  the  balcony.  The  various  mines  were  inspected, 
and  in  honour  of  the  visitors  a  salute  of  100  dynamite  cartridges  was 
fired. 

From  Grangesberg  the  party  proceeded  by  train  to  the  Domnarfvet 
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After  visiting  the  mines,  the  tnembera  were  entertained  at  a  buqurt 
ill  a  hull  tastefully  decoratiiil  with  flags  and  sliields  of  the  Tariotu  itOD- 
branda  of  the  ueera  of  Daniiemoca  ore.  At  3.35  f.M,  the  psrty  leii 
Dannemora,  and  punctually  at  7  reached  Stockholm,  bringing  with  lii#in 
most  pleasant  recollections  cf  n.  trip  that  was  alike  instructive,  enjoyaUe, 
and  successful  in  every  way. 

Western  Excxirsiok. 

Thti  members  of  the  seconil  groiip  left  the  central  station  at  Stockhnim 
punctiinlly  at  eleven  o'clock  in   the  evening  of  Sunday,  August  28tli,J 
Like  the  first  group,  which  had  left  twenty  minutes  earlier,  they  wet 
aecoiiiiiKxlated  in  a  long  special  train  made  up  of   sleeping-wsf 
The  party  included  Mr.  W.  Wliitwell  (Hon.  Treasurer),  Mr.  G.  J.  Snelm 
(Vice-President),  and  Mr.  Beardniore  (Memher  of  Council). 

E^i'ly  in  the  morning  of  Monday  they  arrived  nt  Laxfi,  and  i 
entertained  at  brenkrast  at  the  Station  Hotel  by  the  invitation  nf  Uie  ' 
LaxS  Bruks  Aktiebolag.  Two  hones  were  then  devoted  to  s»eiiig  the 
calluloae  works  and  the  ironworks  of  that  company  under  the  guidance 
of  Mr.  Carl  C.  Lindberg,  the  managing  director.  Tite  train  then  wentr 
on  to  Ilegerfora,  where  the  iron  and  steel  works  of  the  Stronisiug 
Jeniverks  Aktiebolag  were  shown  by  the  managing  director,  Mr.  Ernst 
Odelberg,  and  lunch,  by  invitation  of  the  company,  was  partaken  of. 
At  these  works  it  was  arranged  to  tap  three  open-hearth  InnuMs 
simultaneously,  and  the  feat  was  accomi^anied  with  great  success,  the 
white  hot  metal  bursting  forth  from  all  nt  the  same  moment  as  if  the 
men  had  been  moved  by  clockwork.  Another  short  railway  jonrnev 
took  the  party  to  Bofors,  where  the  extensive  iron  and  steel  work^  luul 
the  ordnance  factory  were  inspected.  Mr.  G.  Dyrssen  and  Mr.  A 
Silfveraparre  here  look  the  members  round  and  showed  them  a  magnifi- 
cent spectacular  display  in  the  operation  of  quenching  a  six-inch  gun- 
tube,  with  all  its  accompaniment  of  boiling  oil  flaming  iifty  feet  high 
and  more.  The  guests  then  drassed  in  the  train  and  made  their  wxy 
through  an  exceptionally  heavy  hailstorm  to  the  house  of  Mr.  G.  Dyissen. 
where  they  were  received  by  himself  and  hia  wife,  and  were  entertajniii 
at  dinner  by  the  Aktiebolag  Bofois-GuUsptog. 

After  thie  pleasant  function  the  train  left  for  Filipstad,  arriving  tiici- 
about  midnight,  naturally  with  most  of  the  guests  comfortably  aslevp  it. 
their  berths.  It  came  out  next  morning,  however,  that  the  ever-thoughlful 
hosts  had  arranged  for  supper  and  beds  in  the  hotel  for  any  nue  wlio  pte- 
ferred  not  to  sleep  in  the  train,  but  that,  owing  to  an  oversight,  this  had 
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10.30  A.M. — Departure  from  LaxS,. 

11.16  A.M. — Arrival  at  Degerfors. 

11.15  A.M.   to   12.45  P.M. — Visiting  the  Degerfors  Iron   and  Steel 

Works. 
12.45  P.M. — Lunch,  hy  invitation  of  the  Stromsnas  Jemverk  Aktie- 

bolag. 
2  P.M. — Departure  from  Degerfors. 
2.45  P.M. — Arrival  at  Bofors. 
2.45  to  5.15  P.M. — Visiting  the  Bofors  Iron  and  Steel  Works  and  the 

Bofors  Ordnance  Factory. 
6   p.M.-;-Dinner,  by  invitation  of  the  Aktiebolaget  Bofors-Gullspang. 

8.15  P.M. — Departure  from  Bofors. 
11.40  P.M. — Arrival  at  Filipstad. 

Tuesday^  August  30. 

8  A.M. — Breakfast. 

9  A.M. — Departure  from  Filipstad. 
11  A.M. — Arrival  at  Hagfors. 

11  AM.  to  1  P.M. — Visiting  the  Hagfors  Iron  and  Steel  Works. 

1  P.M. — Lunch,  by  invitation  of  the  Uddeholms  Aktiebolag. 

2  P.M. — Departure  from  Hagfors. 

Stoppage  at  Mda,  for  visiting  the  cellulose  factory  of  that 
place. 
3.45  P.M. — Arrival  at  Munkfors. 

3.45  to  5.15  P.M. — Visiting  the  Munkfors  Iron  and  Steel  Works. 
5.30  P.M. — Dinner,  by  invitation  of  the  Uddeholms  Aktiebolag. 
7.30  P.M. — Departure  from  Munkfors. 
10.50  P.M. — Arrival  at  Filipstad. 

Wednesday^  August  31. 

8.30  A.M. — Breakfast. 

10.40  A.M. — Departure  from  Filipstad. 

11.18  A.M. — Arrival  at  Nykroppa. 

Visiting  the  Nykroppa  Iron  and  Steel  Works. 

Lunch,  by  invitation  of  the  Storfors  Aktiebolag. 

3  P.M. — Arrival  at  Persberg. 

3  to  5  P.M. — Visiting  the  Persberg  Mines. 

5.30  P.M. — Dinner,  by  invitation  of  the  Persbergs  Grufve-Aktiebolag. 

8.16  P.M. — Departure  from  Persberg. 
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in  1887-1888  by  Colonel  C,  0.  Bergmsn,  who  i 
to  Aktioholaget  Gellivare  Malmfalt,  a  companf  fooDdad  is  1810  hj 
OoiiRul  G,  E.  Brome,  who  ib  bUU  the  managing  dirwtor  and  pnap^ 
Bikaraliolder  o(  the  compny.  In  onler  to  acquire  iar  Aktaebou^ 
Qellivuv  MalmfiilC  the  control  of  the  mines  at  Luo3aaTaai«-Kiitai>>*Ma. 
CUDflul  liioms  bought  in  1892,  for  the  accoaat  of  the  coapur. 
Ihrao-filthi  of  the  shareB  in  tlie  latter  mines,  and  he  has  mioe  a*- 
iuterrupledly  workml  on  the  rea-liaation  of  the  nilnr  oonmectiaB  fron 
the  mines  to  Ofotan.  In  the  spring  of  1898  he  at  length  sttuMd  tfaJ! 
aim,  whou  tho  SwodiaU  Riksdag  and  the  Norwegian  Storthing  deiadal 
on  the  construction  of  the  Ofoten  railway,  which  commenoed  tbia 
Dunimer,  Thin  decision  was  preceded  in  1897  by  a  Uiorougb  exsminadoD 
of  the  minea  ni  Luosxavikara-Kiirunavsara  by  means  of  diamond  borin;:!, 
■ml  tho  moults  iin^  giren  iu  the  "  Memorial  to  the  King  from  the  Bt^il 
Hwcdish  Iloa^l  of  Trade,"  and  also  in  Mr.  H.  Lundbohm's  paper  in  ibt 
(irviimt  volume.  The  ore  from  the  Gellivare  mines  u  now  univeraaUj 
known,  since  the  export  of  it  to  Qermany,  England,  Belgiam,  sad 
Francn  has  of  Inli;  years  incruosed  in  a  remarkable  manner,  aa  ia  ^owd 
hy  till'  fallowing  sttitiatica : — 

IHHU 139,194 

llfl).t 2eo,Tu 

IHIH 635.738 

18115  384.tm 

imH 614,263 

1897 816,797 

1808 820.000  IstrmUxil. 

The  top  of  tho  hill  in  which  thi:  Uullivare  depoatta  are  containeil  it 
617  metres  above  sea-level,  and  300  metres  above  the  station  of  Malmbsrg, 
from  which  tho  or«  is  despatched  by  railway.     The  ore  occurs  as  bid- 1 
Ilka  maaaes  or  louses  in  great  numbers,  of  which  the  most  imporli 
aro  those  closo  tu  tho  railway  stntion,  containing  the  Hertigen,  Eiii{ 
Hapten,  and  Frudrika  mines,  and  those  at  the  top  of  the  ridge,  wbifl 
the  Oscar,  Sophia,  Upphind,  Josephlna,  Sk&ne,  Hermelin,  Linn4,  ■ 
Valkommen  mines  are  worked.     The  ore-bodies  all  dip  to  the  s 
und  have  inclinations  ranging   from  50*  to  nearly  vertical, 
mines  above  mentioned  are  worked  by  tho  Gellivare  Company,  but  t] 
are  other  and  smaller  deposits  in  the  neighbourhood,  of  which  one  m 
tho  onat  is  worked  by  Witkowite. 

All  the  power  required  at  Gellivare  is  generated  at  a  central  eloo 
station  by  continuous-current  dynamos  made  hy  SiemeoB  &  Halske,  fl 
driven  by  inverted  compound  condensing-enginsB,  made   by  the  < 
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Uitough  hard  K'ociss  and  RTanite  at  it  rate  of  32  j  f«et  per  meaA  ^A 
hauil-drillmg  kii<l  ilynaniite.  Steel-built  side-tippii^  tnns  an  oKd  fnr 
Mrrying  tho  ore  Thoy  hold  3^  tons  of  ore  or  2J  Umw  erf  icct  Uwy 
aro  iUBd«  up  into  traine  of  six  trams  each  for  haulage.  The  Dok  art 
uf  l1atiK«  soctioQ,  weighing  19  lbs.  per  yard,  and  are  spiked  to  wooda 
■loapon. 

Tlio  fliiiiig  and  sortiug  house,  to  which  the  tmna  aie  nm  fras  the 
Hermuliu  Tunnel  over  a  trestle,  is  a  wooden  covered-in  faoilding  ew.- 
taininfC  six  sUlla.  Two  of  these  are  arranged  so  tliat  Ibe  ran  al  liw 
mino  can  Ix^  lt<n<le<)  direct  into  the  railway  waggons  if  reqnired,  a«  ih- 
top  Hcrtioti  ia  pnilonged  by  a  shoot.  Each  bay  contains  two  fixed-lar 
I  sloping  in  opposite  directions,  and  placed  one  over  tiie  othti 
tngular  bars  or  rails,  spaced  4  to  6  inches  apart,  are  used  in  the  Uf 
1,  and  rectangular  bai's,  H  to  li  inch  apart,  in  the  lower  sereeiu. 

t  iliiini  is  about  30'.  Largn  ore  is  thus  delivered  on  one  £de  of  iJw 
houKO  on  to  n  platform,  whurc  it  is  sorted  out  by  men  into  ttams  suud- 
ing  on  rails  at  right  angles  to  the  platform,  and  run  over  tomplatei  OB 
to  a  liuu  pamllet  with  tho  edge  of  the  wharf.  On  the  other  aide  tlw 
middle-sited  ore  is  h^ueived  on  a  ptalform  and  loaded  into  trucks  numing 
on  iba  wharf  ou  that  side.  The  small  ore  is  collected  in  hoppers,  which 
disohargo  into  trams  running  on  two  tines  of  rails  through  the  centn  of 
tho  liou«e,  and  also  leading  to  tho  wharf.  Three  Eiees  are  thus  maile, 
but  extra  screens  can  bo  put  in  to  make  a  fourth  size.  Five  grade»  of 
ore  are  sorted  out,  and  are  known  as  A,  B,  C,  D,  and  £,  according  to 
their  [MrcontHgo  nf  phosphorus  (the  A  grade  containing  the  least),  tiot 
it  is  seldom  that  tho  ore  falls  into  more  than  three  qualities,  »o  that  the 
handling  at  the  sorting-floor  thus  arranged  need  not  be  excessive,  in* 
other  form  of  sorti  tig- floor  without  any  screening  arrangemonl  was  teat 
at  tho  bottom  of  the  incline  leadiug  from  the  Yalkommeu  Mine.  Thi« 
iuuliiKi  is  al  right  angles  to  tbe  load  ing- wharf,  on  to  which  the  tnint 
con  b«  1«<.1  direct  by  moans  of  curves,  or  they  may  be  discliargej  on  lo  > 
sorting-platform  puiallul  with  tl)e  rails  of  the  incline.  A  line  of  nkil-< 
parallel  to  tliis  platform  is  connected  with  the  rails  on  the  wharf  b;  & 
turntable.  It  is,  however,  a  very  general  custom  to  sort  the  ore  in 
tho  mine  before  loading. 

The  ore  is  worked  in  open  quarries  or  in  underground  workings. 
At  present  the  hulk  is  obtained  by  the  former  method.  All  the  boring 
is  done  by  hand,  and  it  is  considered  that,  under  the  present  oircutn- 
stances,  this  method  is  preferable  to  itiachine-drilling,  though  in  sow 
quarters  a  determination  is  expressed  to  have  recourse  to  rock-drills  is 
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nnil  (^1,  Thin  ntaith  consiatH  of  an  elevated  wood  trartle  with  a  Ult  it 
unch  I'liil,  >inn  for  raising  three  loaded  tracks,  and  the  other  for  lowBing 
thi>  imiplif^a.  Kiich  lift  is  worked  by  two  rams  with  hrdntiiic  jiuwait 
of  litill  lliH..  Hiipplieil  by  .1  compound  pumping  engine  of  120  hone-po^o; 
Thti  tNRtlii  lA.  unfortunately,  too  far  from  the  ed(;e  of  the  wbatf  so  oDav 
i>f  A  iliroRt  nlinnt  beini;  used,  as  the  i>re  will  not  ran  at  an  anf^  of  ]im 
llinn  :t.1*,  M  the  railway  waggons  are  discharged  thiongh  their  bottom 
iliinra  into  an  iiitflrnii!<linta  tippin^-waggoa  which  mns  at  ri^t  an^eita 
llip  iTlmrf,  :inil  I'mptiea  the  ore  into  the  shoots.  OacillUiitg  three- 
(.'yliniW  hvilraiilic  motors  drive  the  chains  by  which  the  railway  waggnu 
.iDil  the  inti^rmeiliittH  waggon  are  shifted,  and  locomotives  ^nnt  tiu 
wiittgons  »n  the  i^round  level.  The  second  stoith  on  the  aonth  wm 
liuiit  by  tlio  present  i:ompany,  and  consists  of  an  inclined  twatie  with 
a  i^rnclient  i>f  I  in  50,  up  which  the  loaded  trains  are  pushed  by  a  loco- 
motive. It  <:arrien  two  i^nunterbalonced  shoots,  which  are  spaced  so  that 
two  witi^ons  I'an  Iw  discharged  simoltaneously  into  two  holds  in  the 
vi'iwel.  With  thia  plimt  10,000  Cons  can  easily  be  loaded,  in  the  day. 
anil  till'  [Tcnrd  up  to  the  present  lias  been  78,000  tons  in  one  week. 


XfAilNETlr-SKPARATIOS    AND    PHOSPHATS    WoHKS. 

Tlie  ninciu'tii'.-aepamtion  works,  and  the  works  for  the  prodaction  of 
pho^iphnb^  for  u^icultuml  purposes  from  the  apatite  separated  from  the 
ore,  lie  on  ilio  east  of  the  shipping- wharf.  The  power-station  contaim 
live  tubular  boilem  supplying  steam  to  four  compound  vertical  engines 
of  jrm,  1011,  50,  and  300  hone-power  respectively.  The  two  laigt 
Rn^ines  drivn  two  dynamos,  which  give  a  three-phase  cnrreut  of  354 
auipfri'S  at  'I'JI'  voltii  each,  the  current  having  fifty  cycles  per  second, 
and  lipinn  i-.nuvi'yi'ii  to  the  motors  about  the  works  by  a  three-viR 
system.  U-  i«  int.^ncli^ii  to  work  these  dynamos  in  parallel,  and  for  thia 
purpose  thu  riwitiihlK-iard  ix  tn  be  rearranged.  The  smaller  engines  drive 
four  cnntiniii>ii»<^iirrent  <]ynamo»,  arranged  in  a  series  parallel  system  in 
groups  of  tw'>  to  ;;ive.  .1  current  of  l'Si)  volts.  The  ore  for  treatment  is 
delivered  from  thf  railway  w!»g;fons  into  a  pocket,  from  which  it  is  lifted 
to  a  hei>;l]t  of  1.11  fnft  >iy  an  incline  laid  with  four  lines  of  rails  and 
worked  by  two  1  .">  hor^ie-finwer  electro-motors.  It  then  is  passed  throngh 
a  jaw-brpaJt'r  nnd  a  jiair  of  rolls  driven  by  a  35  horse-power  electro- 
motor. From  this  point  to  the  separators  the  plant  is  in  duplicate  tide 
by  side  in  Die  same  building,  and  one-half  was  running  at  the  tii&e  of 
the  visiL     The  ore  is  dried  in  inclined  revolving  cylindo^  and  then 


I 
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whilst  tba  other  threa  buddies  are  used  for  the  ibis  alunee,  th«  shakier 
UbiM  for  sUnuH,  and  the  jigs  are  used  for  the  apatite  bron^bL  litiBd 
(ram  the  snptuKtun;.  The  waehed  iLpatito  is  dried  in  a  long  tcvi>iriii; 
Rjliniler,  ^nnnd  nnd  mixed  with  30  per  cent,  of  its  weif^t  ol  mdiaa 
cuboQAte  in  baii-mills  of  different  typea.  and  then  fritted  at  abcn; 
donbl^b«dded  calcining-fuToacea. 
■  inat«n&l  ublained  is  a  femi-glassy,  bluish-grey  clinker,  Hul  dux 
nsidered  as  a  mixture  of  acutrai  -ilicate  of  potash,  aadx,  nd 
ml  a  Letracalctc  phosphate  in  which  one-eixih  ot  the  Iism  hai 
]it*a  tnplacnd  by  soda.  It  contains  about  25  per  cent,  of  [ihaB{ili(in<: 
acid,  of  which  96  per  rent,  is  K«lubl«  in  citi&te,  and  ia  theniDR  etm- 
sideced  as  available  for  manurial  purpoBes.  The  elliUter  is  gtDand  Ui 
fin*  powder  in  baU-miUa  before  it  is  sold.  The  fumace-hons*  oonlaiu 
three  funucea,  hut  two  more  :\re  being  built,  and  though  the  plant  hw 
only  been  running  three  months,  sereral  hundred  tons  of  the  gtmaA 
material  hiu  been  made. 

Tae  Grangesberg  laoN-SttMBS. 

These  mines,  which  are  now  the  most  prodnctive  in  th«  eomcli;, 
j^iring  nenrly  one-third  of  the  whole  annual  produce  of  Sweden,  ■<• 
situated  about  midway  between  f^tockholm  and  the  Norwegian  fronliB', 
in  a  slightly  undulating  gneiss  and  granite  country,  about  1000  JMt 
Above  tiie  sea-!eveL  Th«  depoaita,  which  inclnde  both  specular  h«in»- 
tite  and  magnetite,  occur  in  numerous  detached  lenticular  masses  ■ 
three  lines,  which  are  roughly  parallel  to  the  foliation  or  banding  of  tb 
crystalline  neks  forming  the  country,  and  extend  for  about  two  toA 
three-(]uan»T  miles,  with  a  maximum  breadth  of  about  a  iiuarter  <d 
a  mile. 

The  general  direction  is  about  N.  30°  E.,  witli  a  S,  E.  dip  of  70'  or  oion. 
Mining  operations  date  back  to  the  beginning  of  the  seventeenth  oattarj, 
and  an  enormons  number  of  small  woricinga  have  been  opened  om  ii,' 
entire  district ;  but  the  moat  important  deposits,  which  an  those  bekmg- 
ing  to  the  easternmost  or  app«r  series,  were  for  a  long  time  practicall; 
abandoned,  their  workmg  being  forbidden  on  aecouDt  of  their  higblj 
pboaphoric  nhnracter,  and  it  is  only  since  the  discovery  of  the  twic 
method  of  steel- mak  in;;,  in  187!*,  that  they  have  been  bconght  faW 
value,  an  important  export  trad"  with  Germany,  which  has  developed 
since  1893,  liaving  increased  the  output  lo  nearly  660.000  tona,  ahoat 
five-atxths  of  which  are  exported,  while  about  80,000  loos  are  amellsd 
at  the  l)omnarfvi<t  and  othor  works  in  the  neighbourhood.     The  ] 
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r  Ui«  nilwkf  lineo,  where  it  is  discharged  into  the  tracks. 
vhldl  mnj  it  into  tbe  sfaippiog  port  of  Oselusuud,  an  the  GnU  of 
BnUiitifc,  about  60  mil«s  south-west  of  Stockholm,  a  distance  of  abcni 
160  iula&.  n«  avenge  unount  of  rock  and  ore  lifted  per  pound  d 
djMOutt  oMd  u  ftbout  6  tons.  Up  to  the  present  time  hand-bonii^' 
•hMM  1m9  faMB  tt»d ;  but  machine-borera,  driven  by  compresaed  ui,  el--^ 
about  ta  In  used  on  a  laige  Male,  as  trials  of  electric-boren  made  ha 
fear  did  not  giva  tatiabctoij  results.  The  compressor  is  of  compoiinil 
DDiulnKtMii,  and  dri¥«n  hy  an  electto-motor.  The  mixed  sioaII  ore  anJ 
WNtte  »  uaad  opon  gtatings  and  rotary  dram  sieves,  varying  inmi 
9|  iikIms  to  I  mch  ^mture,  a  jet  of  water  being  used  with  the  latter  to 
MBwra  null  dirt.  Th«  lar^r-sised  lumps  rejected  by  the  tiist  eci«en 
an  pid[«d  by  baud,  and  the  two  intermediate  siKea  are  passed  orer 
Wwufatim  uagaetM!  aDparatots,  which  take  out  the  magneLite,  but  put 
hMualilv  with  tb«  waste,  which  is,  therefore,  further  hand-picked.  The 
small  stuff  washed  off  by  the  j«t  is  collected  in  pits,  giving  a  finely- 
divided  piMluct,  for  which  at  present  no  use  has  been  found,  altbougb 
it  oontaina  from  SO  to  60  pet  cent,  of  iron.  Probably  it  might  be 
anploTed  as  fettling  for  puddlii^  furnaces,  if  it  could  be  obtained  si  a 
n»sonabl«  price,  in  English  works.  About  .150  tons  of  uix»d  stoff  an 
tT«Atc>d  in  the  separating  plant  daily,  giving  about  200  tons  of  dean  60 
lo  $'2  pur  cent,  era,  50  of  powilered  ore,  and  100  of  waste. 

Among  the  most  interesting  feature  of  the  surface  arrangemcntj  it 
Gtitngosbe^  are  those  for  distributing  power,  which  is  entirely  dericed 
from  wat*r-wheels.  As  there  ar«  no  very  marked  differences  in  level  in 
the  country  adjacent  to  the  mines,  storage  reservoirs  covering  a  large 
area,  with  about  'J2J  miles  o{  distributing  leats,  have  been  established 
for  the  supply  of  overshot  wh<-ols.  averaging  15  to  20  hoise-power  each, 
the  power  being  conveyed  to  the  hoisting  and  pumping  gear  by  the 
method  of  travelling  rods,  introduced  into  the  Swedish  mines  by  Polhen, 
at  the  end  of  the  seventeenth  century,  and  in  use  ever  since,  Thsa 
consist  of  jNirallel  wooden  rods,  suspended  at  short  intervals  upon  double- 
armed  iii>n  brackets,  which  i»scillnLe  about  fixed  centres,  moving  btck- 
wards  and  forwanis  at  each  revolution  of  the  water-wheel,  with  a  p«^ 
ceptible  groan  at  each  change  of  stroke.  Iron  bell  cranks,  moving  iu 
the  horiiontal  plane,  aT«  inserted  in  the  lines  where  branches  are  to  Iv 
taken  off,  and  in  this  way  the  western  side  of  the  mines  is  covered  with 
a  perfect  labyrinth  of  red-painted  posts  and  rods,  the  total  leu 
thoBe  abovpgiound  being  about  34,000  yards.  On  the  eastern  or 
side  of  the  ii'-\d,  however,  electric  power  is  used,  ohtainei)  frnm  ■ 
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The  Domkabfvet  Stkelworks. 
The  8toni  Koppai-berg  Company  is  tLe  oldest  iadustrial  corpontioD 
in  the  world,  the  foundation  of  He  busiiiesB  goiog  back  to  the  first  bait 
of  the  thirteenth  centurj,  the  period  of  the  discovery  of  the  great  nun 
of  pyritic  copitcr  ore  adjacent  to  the  present  town  of  Falun,  and  altlioiigb 
the  date  ot  the  actual  begiuaia^s  are  not  known,  a  Royal  Charter  con- 
ficming  their  then  ancient  privileges  in  the  year  13^7  ia  preserved  at 
Falun;  and  a,  still  older  deed  relating  to  the  exchange  of  on»«igbth 
part  of  a  share  for  two  estates  by  the  Bishop  of  WeEter&s  in  1288  hu 
been  found  in  the  Kational  Arcliives  at  Stockholm.  The  conventionil 
division  into  quarter- parts,  which  were  increased  from  a  total  of  S30  to 
1200  iu  1616,  was  continued  down  to  1888,  when  the  present  joinl- 
atock  company  waa  organised  with  a  capital  divided  into  shares  of  tht 
Qominal  value  of  1000  kr. — about  £56 — each,  eight  shares  being 
allotted  to  each  original  quarter-part,  giving  a  total  nominal  capital  ol 
9,600,000  kr-— £540,000— the  actual  market  value  ia,  however,  much 
higher,  the  1000  kr.  shares  comrnanding  a  price  of  3S00  kr.,  the  slock 
being  widely  distributed  through  all  cloasea  of  the  community,  from  the 
King  downwards,  but  the  holdings  are  entirely  coofined  to  petsons  « 
corporations  of  Swedish  nationality.  The  seat  of  the  directorate  is 
at  Stockholm,  but  the  busiuess  ofKces  ate  at  Falun,  which  is  also  tbe 
residence  of  the  managing  director,  Mr.  £.  J.  Ljungbeig.  The  origiual 
business  of  the  company,  copper  mining  and  smelting,  although  slill 
carried  on  at  Falun,  is  now  completely  subordinate  to  the  other  branches, 
namely,  iron  smelting,  commenced  in  1735  ;  and  wooil-sawing  and  coU' 
version,  which  have  been  carried  on  since  1643,  the  last  being  the 
most  important,  as  the  works  on  the  coast  arc  supplied  with  logs  fui 
conversion  from  an  area  of  1235  square  miles  of  timber  lands  belonging 
to  the  cumpany  on  the  Dala  Kiv«r  and  its  tributaries,  a  drainage  syslem 
of  about  1750  miles  total  length.  Iron-making,  which,  following  tiiv 
custom  of  the  country,  was  formerly  very  much  scattered,  the  fum«c'B 
and  forges  being  placed  wherever  water-power  or  fuel  supplies  could  be 
obtained,  has  now  been  almost  entirely  concentrated  at  a  single  large 
establishment  at  Domnarfvet,  abgut  fourteen  miles  from  Falun,  wbe» 
the  river  channel  is  obstructed  by  a  ridge  of  rock,  giving  a  fall  of  IS  feet  , 
to  20  feet,  Saw-mJlls  have  been  worked  at  tliis  place,  on  the  li 
of  the  river,  since  1643,  but  the  power  on  tbe  opposite  side  p 
unutilised  until  IS73,  when  a  portion  of  the  stream  above  tlie  i 
was  deviated  by  a  tunnel  about  1000  feet  long  ami  23  feet  ii 
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Ituil  obtained  from  wood  charred  in  piles,  and  Uie  Ubonr  eoit  ii  it- 
duced  by  two-thirds.  There  are  eight  gronps  of  kihu  in  the  bo^m^ 
jrmrd,  adjoioing  the  saw-milla,  placed  abant  350  jaids  fron  the  kfi 
bank  of  the  rivet,  each  having  its  own  ropeway  carried  open  hi^ 
treaties,  which  bringn  the  wood  from  the  timber  pond,  and  deBvets  It « 
the  top  of  the  kiln.  The  charcoal,  whea  drawn,  is  loadad  into  ira 
buckets  and  carried  by  other  ropeways  crossing  the  rirer  to  thfl  t^  of 
the  blast-fur n aces  on  the  opposite  bank,  with  a  mininiiun  of  brcdns*. 
The  capacity  of  this  plant  is  120,000  cable  metres  of  eharecal  per 
annum,  in  addition  to  which  Btorage  is  provided  for  70,000  cnbie  nwlR* 
in  the  coal-house  at  the  works,  and  60,000  more  in  other  places  np  tin 
country.  From  7  to  8  cubic  metres  go  to  the  ton  of  charcoaL  Tb« 
blast-furnace  gas  burned  in  difTerent  parts  of  the  works  is  comddeted  to 
be  ciiuivalent  in  heating  power  to  H,JO0  tons  of  coal  annually. 

The  Bessemer  works,  which  w*Te  reconstructed  in  1890,  are  at  a  diort 
distance  from  the  blast-fu maces,  the  charge  being  brought  in  a  ladle  hy 
a  travelling  crane.     There  are  five  converters,  two  ^^ist«T-lined,  taking 
six  tons,  and  three  basic-lined  for  5-ton  charges,  Uie  pils  being  equipped 
with  centre  ladle  nnd  ingot  cranes  in  the  original  fashion.     The  annual 
production  is  from  30,000  to  ,^5,O00  tons  of  ingots,  about  7000  Urns  of 
phosphate  slag  from  the  basic,  and  1000   tons  of  mangnniferous  dig  I 
from    the   ganjster-lined    converters.     The  latter,   which  is  essential^  ■ 
liisilicate  of  manganese,  often  having  the  characteristic  pink  colour  of  1 
the  natural    mineral    Rhodonite,   is    returned  to   the  blast-furnac«8  to 
recover  the  manganese.     Tlie  open-hearth  plant  includes  four    16-ton 
furnaces,  two  with  basic  and  two  with  siliceous  lining,  wiUi  four  coal- 
firfld  producers,  and  a  steel  foundry,  the  cranes  and  other  machinei  J 
licing  driven  by  eli^ctric    motors.      The  rolling-mills,    contained  in  ft  I 
building  covering  nearly  3J  acres,  who^e  longer  axis  is  parallel  to  th>^ 
direction  of  the  tunnel  supplying  power-water  to  the  turbines  placsJ 
in  pita  ImIow,  include  a  cogging-mill  for  1-ton  iugot^  rail,  and  heavy 
bar-mills,   two   medium  and  one  small  train,  a   continuoue  w&e-mtll, 
(brno  universal  mills,  and  plate  and  sheet  mills.     There  are  ninetesR  i 
heating  furnaces,  mo.'tly  of  Ekman'a  pattern,  each  having  its  own  g 
producer,  fired  with  coal,  and  forced  draught.     The  ingots  are  rehei 
for  cogging  in  pits,  heated  with  Mast-furnace  gas.     The  larger 
blawing-en){iiies  arc  driven  by   lieve!  wheels  from  the  top  end  < 
turbine-shaft.      The  acocsaory  machines,  saws,  shears,  travelling  t 
&c,  M  well  as  the  blowing  fans  for  the  gas-producers,  are  i 
electro-motors,  of  which  ther«  are  about  forty  in  use.     The  tweDtj-A 
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Falum  Copper  Mihe. 

The  old  copper  mine,  which  is  about  a  mile  distant  ftom  the  town  on 
the  west  sidi;,  is  still  in  operation,  if  only  on  a  reduced  scale,  after  oeulj 
700  yeara  of  working.  Tha  deposit,  an  irregular  moss  of  cupreous  inn 
pyrites,  about  650  feet  long  aud  500  feet  broad  at  the  surface,  dimi- 
nishes rapidly  in  depth,  and  appears  to  wedge  out  in  depth,  the  grounJ 
having  been  tested  by  a  diamond  boring  down  to  1345  fe«t  bvlow  the 
surface.  For  several  centuries  the  working  was  carried  out  in  open  tail, 
followed  by  large  irregular  pilUr  workings  underground,  renting  in 
heavy  falls  that  have,  ftince  the  end  of  the  seventeenth  century,  fonsed 
n  great  surface  pit  about  250  feet  deep  and  fifteen  acres  in  extent.  At 
the  present  time  the  working  is  carried  on  in  the  broken  ground  about 
!f8u  feet  deep  by  a  system  of  square  work,  the  space  left  by  the  lemnTil 
of  the  mineral  being  stowed  with  broken  rock.  The  ore  is  raised  by 
vertical  shafts  placed  at  intervals  round  the  rim  of  the  great  pit ;  the 
deepest  is  King  Frederik  Shaft,  going  down  to  925  feet.  The  prindpal 
winding  shaft  is  fitted  with  a  double -bucketed  overshot  wheel  aboul 
60  feet  high,  with  a  spiral  rope  drum  having  a  maximum  diameter  nf 
about  16  feet;  a  remarkably  fine  piece  of  construction,  but  almost 
entirely  in  wood.  Adjoining  the  main  pyritic  mass  the  ground  has  been 
broken  by  diorite  dykes,  with  the  formation  of  a  series  of  small  quarti 
lodes,  with  pyrites  anil  selenide  of  bismuth,  which  contain  a  notable 
quantity  of  gold,  the  present  yield  being  from  2000  oz.  to  2500  ol 
annually.  The  produce  of  the  mine  is  classified  into — (1)  Hani  ore, 
essentially  copper  pyrites  and  quartj^  with  3-5  per  cent,  of  copper, 
12J  dwt  of  silver,  and  2j  to  3  dwt  of  gold  per  ton:  (2)  soft  ore,  a 
cupreous  iron  pyrites  with  1  per  cent,  of  copper,  7^  dwt.  of  silver,  anil 
IFi  grains  of  gold  per  ton;  (3)  gold  ore  or  selenium  ore,  which  is  barii 
ore  with  some  solcnide  and  sulphide  of  lead  and  bismuth  and  native 
gold,  containing  from  6  to  12  groins  of  gold  per  ton;  and  (4)  iron 
pyrites,  with  40  to  46  per  cent,  of  sulphur.  The  hard  and  soft  ores 
are  mixed  and  washed  in  heaps.  The  humt  ore,  containing  about  2'5 
per  cent,  of  copper,  is  mixed  with  14  per  cent  of  salt,  grouud  in  a  ball 
mill,  and  subjected  to  a  chloridiaing  roasting  in  a  reverheratory  or  rotate 
ing  calciner,  followed  by  extraction  with  water  and  sulphuric  acid,  and  J 
precipitation  of  the  motnls  contained  in  the  liquor  by  scrap  iron.  Ttol 
spent  liquor  and  the  exhausted  ore  are  thrown  away  ;  the  latter  contiiittn 
about  0'16  per  cent,  of  copper,  showing  an  extraction  of  about  94  per 
cent,  of  the  total  copper  contained.     The  precipitate  containing  86  psr 
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and  WBter-pownr  iiammera,  and  their  necesnry  mixilBnT  maA 
tall  warehouse-like  building  covers  the  blaat-fomaceB,  and  u  e 
by  Ml  Lncliaed  tramway  carried  oa  tall  trestlea.  ftiih  the  ^hcmi' 
hnuBe  on  the  right,  while  the  smalleT  baiidings  with  ehimii^s  aip^ 
ing,  contain  the  Westnum  calcining  kilns,  which  an  >a|i]iliad  wttli  «i 
by  akips  mnning  on  ateep  inclines,  leading  ^m  the  ooe  jaid  <n  tte 
railway.  The  ores,  following  th*  uanal  Swedish  pmelice,  m 
la  ti  very  thorough  uiilcinatian,  attended  in  the  caae 
with  partial  fnaion,  in  nnler  to  ensure  the  complete  lemoral  of  a 
and  when  cooled  and  craahed  to  about  1  inch  lumps  ar«  lifted  bf  ■ 
elevator  to  the  platform  at  the  furnace  top,  which  is  of  considenUa  ■ 
'on  accinint  of  th«  Large  number  of  different  minerale  used. 
partly  obtained  from  Nyangs  and  Penning  mines,  in  th& 
'ricinity,  but  to  a.  large  extent  from  other  places  within  a  radiw  4 
about  fifty  miles,  especially  Norberg  and  Bispiieig ;  and,  as  wQl  be  *i 
from  the  following  aiiulysea,  their  waste  matter  is  partly  basic  and  p 
BilioefiiiB,  so  that  by  judicious  mixing  the  use  of  limestone  Sox  msj  1 
rndnced  to  a  minimum.  A]!,  however,  are  exceedingly  pan  m 
aulphar  and  phoephorus. 
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(Jne  furnace  is  worked  with   an  open  top,  the  other  is  doaed  1 
Tholander'H  charging  apparatus,  which  is   similar  in  principle  to  i 
divided  bell  at  one  time  used  jn  America,  having  a  central  tube  * 
bell  (or  the  fuel  charge  and  an  outi-r  annular  one  for  the  burden. 
central  l>ell  18  first  dropped  to  admit  the  charcoal,  and  is  then  follow 
by  the  outer  one.  which  delivers  the  charge  around  the  wall  of  I 
furnace  as  nearly  an  may  be  in   the  manner  of  hand   charging. 
op«intiona  are  made  consecutive  by  an  arrangement  of  taut  and  t 
chaijiB  worked  from  the  8sme  lever.     The  blast,  at  about  1^  lb.  p 
ia  heated  hj  pipe  stoves  to  abuut  300'  C.     The  annual  make  of  t 
two  fnroaces  ia  given  as  11,000  tuns  of  pig  iron,  or  about  110  t 
per  week  each,  partly  manganiferons,  with  nearly  1  per  cent.  o£  s 
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advantage  at  the  higher,  and  the  latter  at  the  lower  tempers.    The  oi 
responding;  variations  in  composition  are  rather  curious : — 


Onrbon. 
^  ™1  Open-hearth 


Siticoa.  PhoaphonUi 
S-OOS  0-O38 

0-005  0-015 

0-048  0-OM 

0-OSD  0-034 


The  products  of  Hofors  are  largely  exported  in  a  partially  finished  w 
dition,  such  as  hlootns,  billets,  tube,  ingots,  wire  rods,  &c,  eitber  tun- 
mered,  presaed,  or  rolled,  the  forges  and  millB  being  equipped  with  si 
and  other  ImmmerB,  a  fine  hydraulic  press,  plant  and  engines  by  Mfhii. 
Fielding  &  Piatt,  and  blooming,  billet,  bar,  and  wire  rolling  milla.  The 
most  interesting  feature  in  connection  with  this  part  of  the  works  is  the 
extended  use  in  thfl  rolling  mills  of  electTO-motors  workeil  by  eun»ni 
I'rotn  a.  power  station  about  one  and  a  half  miles  away.  The  driiing 
power  is  derived  from  a  head  of  100  feet,  conveyed  partly  by  an  opeo 
leat  and  partly  by  a  wooden  tube,  following  a  clearing  through  the 
for&st  of  about  800  yards.  Th«  tube,  about  6  feet  in  diameter,  buill 
of  straight  2-incl)  staves  with  thicker  collars  at  the  joints,  hooprd 
with  iron  and  thickly  coated  with  a  resinous  waterproof  varnish,  ter- 
minates in  a  heavy  stone  pier,  where  it  connects  with  an  inclined  pipe 
of  smaller  diameter,  made  of  riveted  steel  plates  leading  to  the  power- 
house. This  contains  six  turbines  with  vertical  bucket  rings,  receivin); 
the  water  at  the  circumference  and  discharging  through  the  centre  and 
horiiiontal  shafts,  which  are  coupled  directly  to  the  generating  dynamon. 
Four  of  these  arc  of  300  hoi-se-power,  at  480  revolutiona  per  minnt*. 
but  two  of  them  are  constructe<1  on  a  variable  adinission  principle, 
having  two  systems  of  buckets  on  the  shaft,  which  can  be  run  together 
to  give  the  full  power,  or  singly,  to  give  200  horse-power  at  320 
revolutionB.  The  remaining  turbines  are  smaller,  one  of  150  horse- 
power at  515  revolutions,  and  one  of  40  horse-power  at  720  revolutione. 
E^ch  of  the  larger  turbines  worlta  a  300  horse-power  tripbase  altemal- 
ing  dynamo  at  'JOO  volts  terminal  pressure,  of  the  unusually  low  period 
of  sixteen  complete  cycles  per  second,  with  four  cast-iron  fixed  niagneti 
and  a  revolving  laminated  iron  armature,  37  inches  in  diameter  and  31 
inches  long.  The  weight  is  about  19  tons.  The  energy  required  tor 
exciting  the  field  magnets  is  2-"  kilowatts.  The  150  horse-power  turbim 
drives  a  snialler  alternator  with  fourteen  poles,  giving  900  volts  i 
frequency  of  sixty  cycles  per  second,  with  an  exciting  enei^  of  ] 
kilowatts.     The  40  horeo-power  turbine  works  two  continuous  cor 
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manufacture  of  Bessemer  steel  ou  a  lai^  scale  in  Sweden.  8ttrlui; 
with  u  single  blast- Euni&ce,  two  conveitera,  two  steam-bamniBn,  i  lii' 
mill,  aud  a  small  roller  for  tool  ateol,  the  principal  prodact  being  rail- 
way tires,  other  branches  of  manufacture  have  lieuii  stliied,  aoil  bo^i 
there  are  three  blasl-ftimaces,  two  couvertere,  an  o)M^D-hearth  funac^. 
lately  Rnisbed ;  thirteen  steam-bam tnera,  including  one  of  15  tun*  mil 
four  of  5  Uina;  t«ii  rolling-mills,  a  wiie-drawing  mill,  and  worb  fu 
mabing  aaws,  clock  springs,  and  other  hardened,  polished  article*  nuJf 
from  flat  8t«el,  a  manufacture  in  which  Sandvik  takes  a  leading  puailji):. 
in  Europe.  The  ores  smelted  arc  similar  to  those  used  at  Uofoi^  \ia' 
have  a  wider  range  in  composition,  the  most  prominent  being  il.' 
following ; — 
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The  smelting  and  lieasemer  converting  are  conducted  much  in  the 
sitnie  way  as  described  above.  Ingots  for  tires  are  cast  in  coverod 
moulds,  and  those  for  rolling  in  open  ones,  which  are  filled  fntiu  below 
from  a  feeding  tube  at  the  aide,  the  moulds  being  mounted  iu  b  lectan- 
gular  frame  running  iipon  wlieels,  which  brings  them  up  iu  succossioii 
to  the  converter  for  filling.  The  new  open-hearth  furnace  is  placed  st 
one  end  of  a  spacious  shop  commanded  by  an  electric  travelling  ctnns, 
ma-ie  by  the  Shaw  Electric  Coiupauy,  of  Mictigan,  and  is  apparentl; 
intended  to  serve  as  a  steel  foundry.  The  re-heating  is  dona  fl 
Ekman  gas  furuuces,  fired  by  coal  and  forced  draught  in  the  pre-' 
ducer  till'  secouilarj  air  lifiiig  raispd  tu  150°  C.  by  the  waste  heat  of  the 
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r  ingoLs  wbs  0167  tons  iii  189T,  which  were  V 
as  such,  but  the  greater  part  were  converted  into  but,  wiiw, 
la,  autl  tuliea,  thu  latter  lieing  of  specially  high  qoalilj  in  Ttpii 
U)  tougliuBss  uid  liiiiBh.  The  working  details  are  genenllf  nmilu  h> 
Ihtiaa  obnorved  in  the  neighbouring  worloi,  but  the  blast-funMoei  in 
aomevbat  larger  than  uenaL  One  recently  Uiied  is,  exdoaive  uf  t 
ejrlinilrical  jiart  5  foot  high  under  the  chargiug  bell,  44  feet  3  incbei  kgk, 
10  foot  in  diameter  at  the  boshes,  5  feet  in  the  heartli,  and  7  feel  is  Ihe 
tbtOkL  Brtwenn  14  feet  and  24  feet  above  the  hearth  lerel  the  Etuk 
i>  cylindrical  and  10  feet  in  dinoieter,  which  gives  a  total  c&pauil; 'if 
3*67  Qubio  feet.  The  charging  is  done  with  a  double  bell,  similii  lu 
llie  TtiulMKlor  uppurntus. 


Tiiii  Skutskah  .Saw-Mills. 

Tbo  Skutskiir  saw  and  wood  pulp  mills  belong  to  the  8tom  Koppu- 
l)erg  Company.  Skutskiir  is  a  small  natural  harbour  on  the  Gulf  of 
Bothnia,  about  ton  miles  fium  Gefle,  immediately  south  of  the  month  of 
tho  Divla  River.  The  tii-st  mills  on  that  site,  built  in  1869-70,  and  de- 
stroyed by  lire  in  1874,  have  been  rebuilt  on  an  extended  scale,  and  an 
now  tbo  largt<st  ustablishment  of  their  class  in  the  world,  from  one  (o 
onu  and  a  bnlf  millions  of  logs  being  cut  up  annually.  These  are  brought 
from  Elfkatleby — where  the  Dala  River  is  obstructed  by  a  fall  of  54 
foot — by  u  cuual  seven  mites  in  length,  to  Uie  mill,  a  large  tiniber-fmned 
building  of  two  storeys.  Tlie  saws,  nineteen  single  and  five  doable 
frames,  are  on  tlie  upper  floor,  with  the  edging  and  finishing  macfainery 
below.  Short  ends  of  planks  and  other  defective  pieces,  which  in  fonnei 
yearswent  for  firewood,  are  now  very  carefully  selected  and  converted  iulo 
many  smaller  articles,  such  as  box  boards,  building  laths,  blind  roUcn 
niicl  broom  handles,  and  staves  for  small  casks,  all  of  which  ara  turned 
out  (inished  and  ready  for  use.  The  best  portious  of  the  waste  after  ihii 
selection  go  to  the  paper  pulp  mills;  waste  ribs  and  slabs  are  convened 
into  charcoal,  leaving  the  shavings  and  sawdust  for  raising  steam. 

The  annual  output  is  about  57,000  St  Petersburg  standaida  uf 
boards,  deub,  battens,  sawn  oud  planed  stulTs,  flooringa,  K.c,  mostly  fir. 
The  deal  yards  cover  about  300  acres,  with  a  wharf  formed  of  loaded 
crib  work  of  nearly  2000  yards  frontage.  The  tinished  work  from  tlie 
mills  is  carried  to  and  from  the  store-yard  by  railways  worked  by  elec- 
liLc  locomotives  ;  the  total  length  of  lines  is  about  16  miles.  Capstans 
driven  by  electric  motors  are  also  used  on  the  wharf  for  loading  thi 
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Thk   Dannkmoea  Mists. 
TheiP  mitiofl,  which  are  remarkable  for  the  escelloKa  ol  Ami  ftr 
ni'ire  than  for  their  size,  have  been  norked  fram  a  toj  ntDote  iMOai 
and  hiivu  pttsaed  through  man;  ditTerent  hands.     In  1643  th»j  *ttt, 
together  with  the  associated  iron  works  in  the  netghboodMod,  pgwhsml 
by  I^uia  de  Geer,  who  introduced  the  WallooD  forge  into  Sweda,  ud 
the  same  method  of  smelting  haa  continuttd  to  the  prcaent  tinM,  ths 
niiuea  huiDK  now  owned  hy  and  irorked  for  the  joint  aceonnt  of  a  bed; 
of  toTjiP  niitsters,  who  divide  tha  produce,  which  is  prinuffity  eiB|io]red 
for  making  the  highest  clnits  of  bar  iron  for  conversion  into  rteel  b; 
coiDoiitntion  ;  but  as  there  is  only  a  limited  market  for  thia  nuttntl. 
about  90  per  cunt,  of  it  going  to  Sheffield,  the  ore  is  now  to  some  extuil 
u*ed  for  improving  the  quality  of  Lancashire  bar  iron  and  Beasemer  steel. 
I'ho  niinne  iixtend  for  about  2  miles  in  length,  and  760  yards  mAximniD 
breadth,  the  area  of  the  workings  being  about  125  acres,  vithin  which 
the  deposits  are  Hcnttered  about  in  three  principal  groups,  distingniahed 
OS  northern,  centml,  and  southern  fields  respectively.     At  different  ti 
alxttit  eighty  mines  have  been  opened  for  the  surface  on  the  depodb^ 
but  only  seventeen  of  these  are  now  actively  worked.     The  1 
body,  that  in  the  central  field,  extends  for  about  900  feet  ic 
N.  to  S.  direction,  and  had  a  maximum  breadth  of  150  feet  in  the  b 
levels,     It  is  nearly  vertical,  with  a  slight  westerly  dip  between  i 
of  grey  crystalline  limestone,  which  alternates  with  bands  of  compi 
felstone  or  hiillcttinta,  a  rock  of  about  the  same  ultimate  composition  ai 
«  granite,  but  without  any  separation  into  different  minerals.     Anothi 
characteristic  a9socinl«  is  a  dark-coloured  chlorite  schist,  all  these  roekf  ■ 
being  found  at  intervals  as  included  mosses  or  sheets,  traversing  the  a 
of  the  ore  as  well  as  in  the  walls.     As  in  most  of  the  historic  iSwededi^ 
mines,  the  older  shallow  workings  bare  at  different  times  collapsed  with 
the  formation  of  cloep  open  pits  ;  the  largest  of  these,  Stor-Rymningen, 
covers  a  Urge  part  of  the  central  ore  field,  and  there  are  others  of  smaller 
siie  in  the  northern  and  southern  fields.     The  walls  of  these  pits  have  i 
on  tl)eir  western  aides  been  carefully  dressed  square,  and    lined  witt  1 
heavy  masonry  for  some   distance   down    to   prevent   influx  of  wat«r,-l 
through  the  drift  covering  the  surface  from  the  adjacent  lake,  wbith 
runs  alon[;  the  whole  extent  of  the  mines.     The  mining  is  now  done  li; 
overhand  sloping  under  a  solid  covering.     In  the  bottom  workings  of 
the  central  mine,  which  is  83G  feet  deep,  the  deposit,  about  SO  feat 
broad,  is  sloped  in  lifts  of  about  16  feet  high,  the  excavation  being  fillad 
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eastward),  Gimo,  Harg,  LiifsU.  Rtriimflberg,  and  Wattholma,  lyingwUluii 
a  ndius  of  30  miles.  Skebo,  2S  miles  south-east ;  Soderfon  and  Gynogc, 
about  25  miles  east,  on  tlie  Dala  River  ;  Ljusne,  about  70  miles  ;  andIgg^ 
aund,  13G  miles  north,  on  the  Gulf  of  Bothnia.  The  last  of  tfaMe  ii  i 
soooeasor  to  Foramark,  an  estaUisbiueiit  that  was  closed  in  1881,  when  the 
making  of  Walloon  iron  was  begun  at  Iggesund ;  but  Osterby,  Liifsla,  tud 
Gimo  were  iududed  in  the  original  purchase  of  the  mines  by  Louis  de  Gwi 
in  1643.  The  pig  iron  intanded  for  the  Walloon  forge  is  smelted  from  the 
ore  previously  calcined  at  a  full  yellow  heat  to  remove  solphnr,  withoni 
flux,  with  charcoal  and  slightly  warmed  air,  from  50°  to  100*  C.,  and  oii 
into  pigs  from  8  feet  to  10  feet  long,  10  inches  broad,  and  about  4  incbM 
thick  in  the  middle  and  2  inches  at  the  ends.  The  fining  process,  which  is 
carried  on  in  the  original  manner,  or  with  very  slight  alterations,  is  con- 
ducted in  two  open  fires — the  "  bloomery  "  and  "chafery"of  English 
works  in  the  days  preceding  Cort's  invention  of  the  puddling  furnace. 
The  former  is  a  rectangnlar  hearth  18  inches  long,  22  inches  broad,  and  S 
inches  to  6  inches  deep,  with  a  single  tuyere  sloping  about  20°.  Pine  char- 
coal is  used  as  fuel,  and  cold  blast  at  about  2  inches  pressure  of  mercury. 
When  the  lire  ia  made  up  the  ends  of  two  of  the  long  pigs  of  iron  are  t» 
troduced  through  a  notch  in  the  back  wall,  and  melt  away  gradually  befon 
the  blast.  The  metal  being  almost  free  from  silicon  is  rapidly  decarbit- 
riaed,  and  stiffens  during  the  melting,  so  that  the  working  of  the  iron 
begun  almost  as  soon  as  the  hearth  is  filled,  and  in  about  an  hour  t 
ball,  weighing  from  80  Iba.  to  100  Iba,,  is  lifted  and  taken  to  a  tilt  hammer 
of  about  6  cwt.,  and  beaten  to  an  eight-sided  bloom  or  piece,  which  i 
then  brought  to  a  sort  of  dumb-bell  shape  by  drawing  it  down  in  Uu 
middle  under  a.  steam-hammer.  leaving  the  ends  unchanged.  A  bloom 
in  this  condition  waa  formerly  known  as  an  Ancony,  and  the  thick  e 
as  Mockit  heads ;  but  these  terms  are  now  completely  obsolete.  Th* 
corresponding  French  expreesiona  are  Encrenee  and  Maquettt,  which  an 
phonetic  variations  from  a  common  origin ;  but  whether  the  EDglish 
or  French  repreaents  the  original  form  is  uncertain.  Each  of  L 
heails  is  reheated  in  turn  in  the  chafery  fire,  and  foiled  lengthwi 
into  a  bar  under  the  tilt  hammer.  Usually  the  first  reheating  of  \i» 
bloom  is  done  in  the  finery  fire  during  the  working  of  the  char^  flf 
metal,  but  the  practice  seoma  to  vary  in  this  respect.  At  6si«rigr' 
Forge,  which  was  visited  by  a  small  number  of  the  party,  there  aM 
four  fires — two  for  firing  and  two  for  reheating,  which  are  grouped  is 
pairs,  each  pair  having  a  steam-boiler  above  it  fired  by  the  waste  fl 
for  raising  steam  for  tiie  hammers.     The  making  of  Walloon  iron  i 
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material  ta  mtule  by  burniog  sulphur  in  a  email  fnrma, « 
•ulphutoua  uilij'dride   in  coile  in  a   water-tank,   aod  tbea  | 
liy  fftlw  through  vortical  wooden  towers  filled  wilii  t 
orystalliue  limestone,  over  which  wat«r  trickles.     A  niztim  of  « 
sulphite  and  freo  sulphurous  acid,  2CaO,SOj  4^  80^  molta. 
volviny  Imiliun  cylindura  are  built  of  wroughl-LTon  j 
|-luoli  liiiwl  sliuul.     St«ani  is  admitted  through  the  cost-iioa  t 
mhIr  Kt  a  priimiirii  nf  about  70  lbs.  per  square  inch,  aod  1 
nro  slowly   ravolvod   at  about  five  turns  per  minnte  for  I 
sixteen  liours.     Tlis  bleached  stufi'  is  then  very  carefollj  i 
pulped,  'and  any  unreduced  pieces  of  wood  are  sepuated  i 
Ncraoni.      The   cluur    white   pulp   is    passed    tlirough 
similar  to  Ihnl  used  in  un  ordioAry  paper-mill  with  wire  c 
drunis,  (Vc,  or  the  looae   pulp   sheet,   instead  of  being  < 
driiuiH.  is  pressed  to  expel  the  water.     Steam  is  raised  i 
[a  tubular  lioilerti  tirud  with  rough  peat  and  waste  wood. 

I'liii  ironworks  am  a  short  distance  from  the  cellnhiee  woriu,  s 
contain  one  blast-furnace  of  wliich  the  dimeosions  are  :  height  50  b 
iHamoter  at  throat  Q  foot,  at  boshes  9^  feet,  and  in  crucible  4J  feet. 
has  four  tuyurun  2^  inches  in  diameter,  and  the  blast  is  at  a  pr«esiUB4 
1^  lb.,  and  a  temperature  of  Q00°  C,  the  heat  being  obtained  from  g 
Hred  oast  iron  pipe-stovos.  As  is  usual,  the  blast  -  furnace  is  a  so 
pyramidal  titone  ereution,  and  the  iron  in  tapped  every  six  hour%  iol 
cast-inm  chill-moulds.  A  liroken  pig  shows  a  chill  to  about  half  i 
depth,  the  upper  part  being  fine  grey  iron.  Auolysia  shows  0-25  pi 
cent  of  silicon,  006  of  pbosphorus  and  no  sulphur,  but  lower  quaUtil 
are  aomotimaii  made.  For  thu  production  of  a  ton  of  iron  60  hectoliUi 
(or  alwut  16  cwt.)  of  charcoal  is  used,  and  limestone  is  employed  as  Slti 
Wrought  iron  is  mn>le  froiu  this  luetal  at  a  separate  works  ii 
cnshire  hearths,  Formerly  three  men  were  employed  at  each  heaill 
but  now  thu  mechautcol  appliance  invented  by  Mr.  Y.  Lagervall,  a 
refnrrod  to  in  Mr.  Akerman's  paper,  is  used.  In  this  appliance 
LJ'sliaped  bar  or  frame  is  hinged  around  the  front  of  the  furnace  a 
oscillated  by  power  so  tliat  the  men  can  thrust  their  stirring-rods  ii 
thu  hearths  and  let  thmn  bo  worked  mechanically.  This  improvemso 
has  reduced  the  number  of  men  required  by  one-third,  and  it  is  a] 
considered  to  have  elTected  a  saving  in  charcoal.  Tlie  charge  consu 
of  330  lbs.  of  iron  with  15  to  18  per  cent,  of  its  weight  of  limesUH 
and  26  hectolitres  (or  O'j  ton)  of  charcoal  is  used  as  fuel  per  ton. 
charge  is  worked  through  in  about  an  hour,  or  one  hearth  with  its  tm 
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The  wotke  at  Bofore  include  iron  and  steel  works  and  on  nrdnuice 
factory.  They  are  situated  in  the  county  of  Orebro,  and  beloog  to  the 
Aktiebolag  Bofore-Guliip^g,  which  was  established  in  1873.  As  in 
back  as  1616  there  were  irouworka  at  Bofors,  but  they  were  very  small 
until  about  1870,  when  they  were  conaiderohly  enlai^d.  At  preMul 
these  works  consist  of  one  bla^t- furnace,  with  roasting  funtac^  two 
open-hearth  furnaces,  thirteen  furnaces  for  making  charcoal  blooBi, 
five  roUuig-millB  for  bars,  rods,  hoops,  and  sheet,  together  with  a  stwl 
foundry  attd  the  ordnance  factory.  This  company  is  also  in  poaaeeaion  of 
the  Bjorneborg  Steelworks,  in  the  county  of  Wermland,  with  two  blart- 
furnacea,  two  Bessemer  converters,  and  a  lai^e  ateam  foi^e.  The  avenge 
production  from  the  company's  iron  and  stee!  works  ia  about  15,000  tout 
a  year,  not  including  considerable  quantities  of  ordnance  material  mid^ 
not  only  for  the  Swedish  Government,  but  also  for  foreign  coiinlricLj 
Heavy  guns,  up  to  10-inch  bore,  gun-carriagea,  armour-piatea,  armoupl 
piercing  projectiles,  &c.,  are  among  the  products.  The  ores  smelted  are 
chiefly  obtained  from  the  mines  of  Striberg,  Haggrufva,  and  Per^berg. 

The  blast-furnace,  now  twenty-five  years  old,  is  56  feet  high,  9  feet 
wide  in  the  boshes,  and  4  feet  in  the  crucible.     Formeriy  the  blast  waa 
heated  to  680°  C,  but  this  has  been  dropped  tu  550°  C,  as  the  former 
temperature  was  too  high  to  bo  maintained  regularly.      Nevetthelesa, 
110  tons  of  iron  are  made  weekly,  with  53  to  60  hectolitres  of  charcoal    i 
per  ton  of  pig,  which  at  the  present  time  is  being  made  with  0'15  lo':| 
0'18  per  cent,  of  silicon.     The  other  furnaces  owned  b)-  the  companjF  I 
are  a  foot  larger  in  both  boshes  and  crucible. 

Tiiere  are  two  double-hearths  fur  making  blooms,  and  eight  n 
nicatly  worked  single-heatths.  The  double-hearth  a  do  not  have  I 
mechanical  appliance  for  manipulating  the  stirring-roda,  but  as  they  m 
worked  from  both  aides  the  bloam  made  is  larger.  Between  each  p 
of  heartlis  is  a  charcoal  hopper  fed  from  an  overhead  tramway. 
is  supplied  through  water-cooled  tuyeres,  one  on  each  aide,  at  a  tei 
ture  of  230°  C,  and  the  charge  of  pig  is  320  lbs.  for  single  and  380  11 
for  double  furnaces.  The  average  production  of  blooms  is  100  lbs,  fro 
116  lbs.  of  pig,  which  ia  pre-heated  in  the  fluea  at  the  side  or  bock  d 
the  hearth.  The  lumps  are  shingled  as  usual  under  a  tilt-hammer,  ai 
are  rolled  down  into  wire,  flat  bars,  ice  Most  of  the  rolling-mills  ■ 
kept  on  iron  aa  far  as  possible,  and  atcel  is  only  rolled  wteSL 
an  excess  over  the  quantity  inquired  for  castings. 
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i,  two  acid  Besseiner  conterten^ 
,  tWD  rolling^nills,  a  steatn -hammer,  machia*- 
ahiops  and  lotmilt;,  aad  Eactoriea  fur  wood-screws  and  cut  borae-shoe  luila 
Fo^  bandied  wvtkncn  an  aaipioved,  and  3200  horae-power  ia  obUincd 
from  the  watertaiU  br  tubinaK  The  Uastfurnaee  hoiiM  is  a  particnlirlj 
fise  boOding.  It  oodtaina  two  tammtee  and  two  kilns,  together  wtLb 
fains  for  the  ealdned  ore  and  the  oR-braker,  in  which  the  ore  is  broken 
to  ftbout  walnat  sixe  before  smielting.  Each  furnace  is  56  feet  hi^h, 
7}  feet  at  the  throat,  10  feet  at  the  boshes,  aud  S  feet  in  the  crnuibl^ 
Blast  at  a  pressure  of  1}  IK  is  Iieatird  to  45u'  C.  in  pipe-stoves.  Tbr 
charge  consists  of  15  hectolilroe  (024  ton)  of  charcoal,  which  is  fir>i 
dropped  throogh  the  bell,  followed  bj  680  lbs.  of  ore,  and  140  lbs.  mi 
limestone.  The  ore  ia  calcined  for  about  forty-eight  hours  to  a  low,  r  i 
heat  in  the  kilns  hj  wait«  gas  from  the  blast-furnace,  about  200  tons  bein^ 
treated  daily,  but  thuse  kilns  would  eosiljr  treat  300  tons.  On  the  top  of 
the  furnace  are  ■mall  bine  for  ore  and  flux,  which  are  weighed  out  on  a 
steulynrd  arrangunjunt  which  runs  on  a  swinging  uramj-arm,  whilst  th> 
charcnn]  i>  charged  direi:t  from  the  skips  in  which  it  ia  brouj^ht  u]' 
Ilia  steoliuaking  housu  contains  two  open-hearths  and  twu  conve^t«r^. 
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receiver  the  digested  matemL  One  ver;  lai^  pfCMMrhia* 
al  Carlstad,  in  Sweden,  converts  the  palp  iulo  sbeetSt  whicb,  to 
dtit;  as  finiflhed  material  in  Belgium,  France,  uid  Gamtaj.  htn 
torn  in  them  by  a  toothed  roller,  plac«d  after  the  heated  djunu  Tl^ 
bleacbing'liquor  ia  made  by  passing  sulphuroos  anhydride  from  boniu:: 
Bulphur  Uirough  cooliDg  coils  into  milk  of  lime  cooUuwd  is  Ur.- 
wooden  Tat«.  A  abort  length  of  wire  topewaj  connects  the  wock*  ■*::„ 
the  railway,  and,  as  usual,  the  mill  is  driven  by  torbines.  Waste  »c; 
is  drawn  away  from  the  wood-'working  macMnety  by  fans,  anil  a  uioi 
for  raising  steam. 

The  Mukkfobs  Works 

In  the  ironworks  at  Munkfors  are  tno  single  Lancashire  heaitbi  in : 
eight  doable  hearths,  all  worked  by  hand.  The  charges  are  386  »'■■  • 
350  lbs.  respectively  of  pig  iron,  and  the  loss  airetages  17  to  20  [«.' 
cent,  in  the  bloom.  About  66  hectolitres  of  charcoal  are  used  per  ton, 
and  this  charcoal  is  washed  by  dropping  it  into  a  water-tank,  so  as  tc 
remove  any  stone.s  or  dirt.  The  blooms  are  shingled,  at  nstial,  under  i 
tilt-hammer,  and  part  of  the  billets  are  drawn  down  into  ban,  2J  hy ) 
inch,  under  old-fashioned  tilt-hammers,  with  cams  at  their  aides,  tor 
subsequent  conversion  into  blister-steel  in  two  sawdust-fired  furnaces  in 
another  part  of  the  works.  This  blister-steel  contains  Q-(i25  per  cent, 
phoaphonis,  I'O  carbon,  0'005  sulphur,  and  a  trace  of  silicon.  Another 
portion  of  this  Lancashire  iron  is  rolled  into  wire  rod  in  a  continaont 
milL  The  billets,  weighing  about  110  lbs.,  are  roughed  down  to  in 
inch  square  in  seven  passes,  aud  then  reduced  to  No.  4i  B.W.G.  by  Ko 
passes  in  the  finish  iug-m ill  and  wound  on  an  automatic  reel.  This  mill, 
working  day  and  night,  producos  35  tons  of  wire  rod. 

The  open-hearth  plant  consists  of  one  8-toQ  and  two  5-ton  furnaces, 
in  which  all  the  scrap  iron  is  uaed.     The  works  produce  nail  and  othff 
kinds  of  steel     In  the  rolling-mill  for  merchant  steel  there  i 
versal  mill,  making  sizes  from  8  by  1  inches  to  1  by  ;^  inch.     Tool-^t 
bar  is  made  under  a  pneumatic  hammer,  supplied  by  Nedqvist  &  HoJl 
Trollhiittan.     The  heating-furnaces  for  billets  are  worked 
preliminary  heat  being  given  in  the  first,  whilst  the  second  ni(es  t 
work  to  welding  temperature.     Cooling  the  furnace  by  the  introducti(lB<j 
of  cold  iron  is  thus  avoided,  and  the  working  is  more  rapid.     Wire- 
drawing and  wire-nail  making  are  carried  on  at  these  works.     A  sample 
of  piano-wire  (with  0'85  per  cent,  of  carbon)  made  here  shows  an  elastic 
limit  of  21'6  tons  per  square  inch,  an  ultimate  strength  of  5i  to  OTJ 
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worka  the  con*ertet«  are  of  4  tons  capacity,  placed  panllel  at  Ha  eodi 
of  ■  aemiciicular  pit,  commajided  by  a  jib-crane.  Amongst  otber 
rehesting-fumaces  in  the  rolliiig-mill  are  two  modified  Bi]dt  fnnuivH 
similar  to  those  men  at  Bofors,  except  that  the  cbarging-lift  wai  aligli'Ji 
different,  being  adopted  for  heavier  work. 

The  Storfors  works  make  hammered  bar  iron  and  steel  tubes,  attoni- 
ing  to  Mr.  R.  C.  Stiefel's  metliod,  the  annual  production  being  30(1(1 
tons  of  tubes. 

The  company  also  owns  two  saw-mills,  for  the  purpose  of  tntniDf 
to  profit  the  considerable  quantities  of  timber  furnished  b;  tlii^ir 
extensive  forests. 


The  Persrbhg  Iron  Ore  Mines. 

The  Perabei^  iron  ore  field  ia  the  moat  important  in  Wennlaad.  It 
lies  about  4  miles  east  of  Filipetad,  and  is  abont  37  miles  distant  froiu 
Kristinehamn  by  the  Mora-Wenern  railway.  The  ore  field  is  about 
6  miles  long  and  2^  to  3  miles  in  breadth.  According  to  tradition,  on 
has  been  worked  since  the  middle  of  the  fourteenth  century.  The  oldeS 
accounts  of  these  mines  kept  in  the  "  B«rgniaeter "  record  office  i»>. 
back  to  1658,  and  slate  that  the  Storgrufvan,  a  great  mine  known  fnim 
time  immemorial,  hod  been  abandoned  for  cixty-one  years,  and  olhen 
for  o»er  a  century. 

The  old  method  of  driving  by  fire  setting  was  kept  up  here  until  the 
beginning  of  the  eigiil»enth  century,  when  blasting  by  powder  was  io- 
troduced,  and  afternanls  continued  for  another  centnry  and  a  half,  tintil 
superseded  in  1S65  by  nitro-glycerine,  the  consumption  of  that  BXpIcmre 
heing  at  present  some  7  tons  a  year. 

The  field  belongs  to  and  is  worked  by  the  Persbergs  Gmfve  Aktie- 
bolag,  the  principal  shareholders  of  which  own  the  largest  ironworks  in 
the  mining  districts  of  Wermland  and  KarUkoga,  and  consume  all  the 
ore  that  is  produced.  The  ore  consists  of  magnetite,  and  appears 
in  bent  and  creased  beds  in  grajiulite,  which  forms  the  country.     Tbcw 

ores  are  of  the  most  exc«llent  quality,  and  have  therefore  raiy  _ 
greatly  contributed  to   the  world-wide    reputation    of    S\fedi8h    ; 
The  principal  deposits  are  Odalfaltet  and  Hogbergsfailtel.     1 
which  now  yield  Die  greatest  quantity  of  ore  are  named  Storgrafn 
Alabamagrufvan,   Kraugrufvanf  SkiirsLiitegrufvan,   and  Gustaf  AdoU 
grufvan.      In  these    mines,  together  with  some  others  worked  (0  I 
nmnller  extent,  the  ore  covers  an  area  of  about  5000  square  metres,  b 
the  ore  area  of  the  whole  itiinitig  field  is  estimated  to  amonnt  to  a 
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D  T^ad«  OIBe«,  or  "  JernkoDtor,"  as  it  h  called,  is  an  iosti'  i 
nliar  to  Swednt.  It  has  now  been  in  existence  over  cat  \ 
I  «ad  fifty  jttn,  ba*i^  l^^^U)  its  operations  as  far  bacl:  aa 
IT48.  It  vaa  fonnded  bj  Asdera  Bacfamansson,  a  Swediih  ironmutet, 
vho  wu  sabseqnentlj  «nnoUftd  for  the  seiricee  rendered  by  him  to  th« 
ma  industry  of  fab  countiy,  and  sBsumed  the  title  of  Baron  Xoidea- 
crantx.  The  primary  object  of  the  founder  was  to  render  finaneul 
HBistauoe  to  tbe  ironmasters  of  his  country  iluting  tiroes  of  crises 
Snch  histories  as  that  of  the  Kopparbeig  Company  show  tJie  wealth 
Knd  power  of  some  of  the  Swedish  mining  organisationa  during  <Me. 
Bizt«enlh  and  serenteenUi  renturie^  but  these  prosperous  years  w«^< 
followed  by  evil  tiMea,  and  nol  until  well  in  the  eighteenth  eentui; 
did  Sweden  recover  from  the  impoverishment  into  which  the  spinl«J 
foreign  policy  of  Charles  XII.  had  thrown  her.  The  iron  trade  wis 
particularly  depressed,  and  we  are  told  that  aorae  time  before  the 
foundation  of  the  Jemkontor  nnmbers  of  ironmasters  were  linanctalij 
in  the  power  of  their  customers,  who  used  this  advantage  to  depreat  th« 
price  of  Swedish  iron. 

When  the  Office  was  founded  the  Swedish  GEovemment  granted  it 
a  loan  in  order  to  enable  it  to  begin  ite  career.  In  addition  to  that, 
some  thirty  thousand  Swedish  crowns  annually  were  raised  by  fees  from 
the  members,  whose  contribnlioas  were  fixed  according  to  their  anniul 
output  of  finished  goods.  The  basis  of  the  loan  system  was  that  iroB- 
masters  should  be  allowed  to  mortgage  iron  in  the  State  Bank,  at 
4  per  cent,  interest,  and  that  the  Jemkontor  should  refund  this  inter«rt 
to  the  owner.  The  Office  was  also  empowered  to  buy  up  iron  when 
neeeseaiy. 

The  same  principle  of  raising  contributions  has  continued  all  throu);^ 
the  career  of  the  Oflice,  but  the  funds  at  ite  dispo^  have  constantly 
increased,  and  at  the  beginning  of  the  present  year  they  amounted  to 
between  five  and  six  million  crowns.  The  rules  of  the  Office  have,  of 
course,  Imscu  modifii'd  repeatedly  in  order  W  bring  them  into  harmonj 
with  the  changed  conditions  of  trade,  but  they  are  stilt  based  upon  th* 
original  sclieme  of  the  founder.  The  rules  now  in  force  were  sanctioDed 
by  King  Oscar  on  January  26,  1891.  They  declare  the  principal  objsct 
of  the  institution  to  be  the  encouragement  of  the  Swedish  iron  indiutiy. 
pjLFtly  by  nicnns  of  lonns  to  the  proprietors  of  works,  and  portly  by 
iiimns  of  subventions  fur  sci'^ntifc  and  technical  purposes      It  is  Mti»- 
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8diool  of  Mines  st  Stockbolm.  Tlie  Jemkoutor  publishee  a  peiiodictl 
of  ita  own,  entitled  Jtmkoniorete  Annaier,  which  is  devoted  to  sdenti&c 
and  technical  matiers  connected  with  the  iron  industry.  Thit  jnonal 
u  one  of  ihi!  utdesl  of  its  kind  in  existence,  having  been  started  at  «ad; 
u  1817. 

The  gold  medal  of  the  Jemkontor  is  a  coveted  distinction.  It  it 
•wuded  only  to  those  who  have  been  singularly  successful  in  promotici: 
iIm  iwu  industry  of  the  coantry.  In  189*  the  medal  was  awaideJ  •■■ 
Mr.  R.  Aketmaii,  in  1897  to  Messrs.  Cl.r.  Aspelin  and  F.  Kchvj; 
(iwcKtary  of  the  Office),  and  iu  this  year  to  Professor  G.  Kordensti^iu. 

Tho  building  now  occupied  and  owned  by  the  Jemkontor  is  eituatnl 
in  the  princijial  square  of  Stockholta.  It  was  begun  in  1873  and  oou 
plat«d  in  1875,  and  one  of  the  most  striking  features  of  the  exterior  of 
the  building  is  the  friece  representiiig  the  development  of  iron  inanu- 
faotUTtt,  int«rS|>«rGed  with  a  number  of  medallion  portraits  of  Svediili 
metallurgista. 

The  Riddarhds. 

"  Riddarhuset,"  the  House  of  the  Nobles,  which  was  kindly  placed  at 
the  disposal  of  the  Iron  and  Steel  Institute  as  a  meeting- place,  is  ta 
imposing  edifice  in  the  centre  of  Stockholm.  It  is  one  of  the  oldeit 
buildings  in  the  esjentially  modem  capital,  iuasmuch  as  it  dates  from 
the  middle  of  the  seventeenth  century.  It  was  d-signed  hy  Simon 
de  la  Val^e,  9  famous  French  architect  who  settled  in  Sweden,  and  w 
in  late  renaissance  style,  highly  ornamented.  The  building  is  practicallj 
a  national  repository  of  the  history  and  traditions  of  the  Swedish  nobilitj. 
In  the  olden  days,  when  tho  Swedish  Parliament  consisted  of  four 
"estates,"  the  highest  of  these— the  Peers — held  their  Seasions  at  the 
Riddarhus.  This  continued  down  to  the  year  1866,  when  the  modem 
bicameral  le<;islative  system  was  introduced  into  the  country.  The 
principal  feature  of  the  building  is  the  great  hall,  where  the  Institute 
meetings  were  held.  Ita  ceiling  is  decorated  with  a  fine  allegoriual 
canvas,  measuring  48  by  *26  feet,  by  Ebronstralil.  Another  interesting 
historical  relic  in  the  hall  is  the  Speaker's  ivory  chair,  inlaid  with 
representations  of  Biblical  scenes  in  ebony.  This  chair  dates  from 
1527,  when  it  was  present«d  to  King  Gu^tavus  Vasa.  Bat  the  feature 
which  attracted  most  attention  on  the  part  of  the  visitors  was  tlie  coUec 
tion  of  the  nobles'  escutcheons,  with  arms  and  motto  emblacon^d  oo 
copper,  whicb  almost  wholly  cover  the  walls.  There  are  3892  of  the«» 
escntclieons,  dating  from  the  early  sixteenth  century  to  the  sixth  decade 
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ySir  William  Andekson  died  at  hia  official  reaidrace,  Woolwich 
Arsenal,  on  December  II,  1898.  Ue  was  the  sod  of  Mr.  John 
Anderson,  merchnnt.  of  St.  Ptftersburg,  and  was  bom  in  St.  Pel«r«barg 
in  1836.  He  was  educated  at  the  High  Commercial  School  tben, 
wheru  he  was  head  of  the  Bchool  and  silver  medallist,  and  \aA  mn- 
forrod  on  him  the  Freedom  of  St.  Petersburg.  In  1R49  he  mam- 
ciilated  at  Kinji's  College,  London,  and  there  took  many  pru«s; 
leaving  after  the  three  years'  course  in  applied  sciences  to  become  % 
pujiil  of  the  late  Sir  William  Fairhairn  in  Manchester.  From  1855  U> 
1864  he  was  in  partnerahip  with  Mesare.  Courtney,  Stephens  &  Co.  of 
Dublin,  being  engaged  chiefly  in  the  cosBtruction  of  varioue  kinds  of 
fittings  for  railways.  He  paid  much  attention  to  the  theory  o( 
diagonally  braced  girders,  and  contributed  papers  to  the  Institntioo 
of  Civil  Engineers  of  Ireland,  of  which  body  he  became  president  in 
186,1.  lu  1864  he  returned  to  London  to  join  the  old  firm  of  Kaafaf  J 
and  Amos,  wliose  Erith  Ironworks  were  built  under  hia  directi(«.fl 
Eventually  he  became  head  of  the  firm,  the  name  of  which  was  aliemd  \ 
to  Easton  &  Anderson.  His  knowledge  of  Kussian  enabled  him  to 
translate  the  works  of  Chernoff  on  steel,  and  the  researches  of  General 
Kalakoulsky  on  the  internal  stresses  in  cast  iron  and  steel.  He 
delivered  courses  of  lectures  on  hydraulics  to  the  Chatliam  School  of 
Military  Engineering,  on  the  conversion  of  heat  into  work  to  the 
Society  of  Arts,  and  on  the  generation  of  steam  to  the  Institution  of 
Civil  Engineers.  He  was  a  Fellow  of  the  Royal  Society,  vice-pr^idaaiJ 
of  the  Institution  of  Civil  Engineers,  a  past  president  of  the  InstitataOM 
of  Mechanical  Engineers,  a  vice-president  of  the  Society  of  Art^  ' 
and  a  member  of  the  Institution  of  Kaval  Architects  At  the  New- 
castle meeting  of  the  British  Association  he  was  president  of  the 
mechanical  section,  and  had  iha  honorary  degree  of  Doctor  of  Civil 
Law  conferred  upon  him  by  the  University  of  Durham,  In  1889  he 
was  appointed  by  Mr.  Stanhope,  then  Secretary  of  Stai«  for  War, 
Direclor-GeDeral  of  the  Koyal  Ordnance  Factories,  and  in  1897  h»  WM 
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HATing  Iwdome  weaSUiTy  he  redied  from  active  business  life  iboat 
twesiT-fiTe  jean  ago.  He  vas  an  anthority  on  the  scientific  treatanent 
of  ksjji  and  sXrei,  and  made  freqaent  contribations  to  scientific  pabli- 
caiion&  He  aiso  ap^>eared  before  Congressional  Committees  when 
imff  nAizers  were  naaer  discussion.  He  devoted  a  large  part  of  his 
laiter  years  to  the  stodj  o{  political  economy.  In  1896  he  published 
a  book  enutied  ^*  Human  Progress  "  that  was  the  product  of  many 
years  of  s:ndy  and  obsenration.  He  was  an  original  member  of  the 
Iron  and  Sieei  Institute. 

Arthur  Marshall  Chambers  died  very  suddenly  on  August  29, 
189S,  at  the  age  of  fi::y-five.  He  was  managing  director  of  the  firm  of 
Newton,  Chambers  A-  Co.,  proprietors  of  the  Thomcliffe  Collieries  and 
Ironworks,  and  was  President  of  the  Institution  of  Mining  Engineers 
and  of  the  Federated  Coaiowners  of  Great  Britain.  He  was  one  of 
the  best  known  men  in  the  coal  and  iron  trades  of  the  kingdom. 
The  principal  occasion  u{K>n  which  his  name  came  before  the  general 
public  was  during  the  great  Midland  coal  strike  of  1890.  In  the 
district  where  Messrs.  Newton,  Chambers  &  Co.'s  works  are  situate  be 
was  very  popular.  Notwithstanding  the  many  calls  upon  his  time,  he 
interested  himself  in  the  affairs  of  Chapeltown  and  neighbourhood,  and 
on  the  school  boariis  and  local  councils  did  all  he  could  to  advance  the 
welfare  of  his  workpeople.  He  was  a  justice  of  the  peace,  was  Presi- 
dent of  the  Sheffield  Chamber  of  Commerce  in  1891,  and  in  1896  was 
elected  Chairman  of  the  Sheffield  and  Uallamshire  Bank.  He  was 
elected  a  member  of  the  Iron  and  Steel  Institute  in  1876. 

RoBEUT  Page  Dorman  died  in  October  1898,  at  Middlesbrough,  at 
the  age  of  forty-two.  Some  years  ago  he  acquired  the  Ayrton  RoUing- 
Mills,  Middlesbrough,  and  converted  them  into  galvanising  and  corru- 
gating works.  As  the  head  of  the  firm  of  R.  P.  Dorman  &  Co.  he 
built  up  a  very  successful  trade  in  the  products  of  these  works,  which 
are  at  present  the  only  works  in  the  Cleveland  district  where  gal- 
vanised and  corrugated  sheets  are  made.  The  output  is  about  200 
tons  of  sheets  a  week,  most  of  which  are  sent  to  India,  Australia,  and 
China.  He  was  elected  a  member  of  the  Iron  and  Steel  Institute 
in  1894. 

Charles  Chorlton  Dunkerley  died  at  his  residence,  Hurst 
Dale,   Dunham  Massey,  on  July  22,   1898.     One  of  the  moat  pro- 
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for  HeBsra.  Hopkins,  Gilkes  ii  Co.,  at  the  Tees-side  Ironworks,  Middki- 
brongh,  uid  in  1864  erected  for  them  an  entirely  new  blaet'fnnuM 
ptant,  since  named  the  Linthorpe  Ironworks,  at  which  were  adi^tUil 
a  number  of  new  arrangements  proposed  and  designed  by  Mr.  Gjwi, 
among  them  the  patent  pneumatic  lift  or  hoist,  which  has  since  bten 
adopted  at  many  turuaces  in  Cleveland,  and  also  in  other  parts  of  tie 
country.  In  1866  he  planned  the  new  furnaces  at  the  Tees-side  WorkB. 
It)  1868  he  was  engaged  iu  the  erection  of  two  biaet-f urn  aces  for  tht 
West  Yorkshire  Iron  Cotnpiui]-,  at  Ardsley  Junction,  near  Leeds :  he 
also  remodelled  the  Wingerworth  furnaces  and  the  Clay  Cross  IroD- 
works  in  Derbyshire,  and  he  afttrwards  planned  the  Frodinghsm 
Ironworks  iu  Lincolnshire.  In  1870  he  founded  the  firm  of  Gjere, 
Mills  &  Co.,  and  put  up  the  Ayiesoine  Ironworks,  u(  which  he 
ivmaiued  chief  proprietor  for  tlie  rest  of  his  life. 

He  did  not  confine  his  attention  to  devising  improvements  in  hlut- 
fnmace  practice  and  plant  alone,  for  in  1863,  when  the  iron  manu- 
facturers of  the  North  of  England  were  consideriDg  the  question  t£iM 
obtaining  a  belter  fettling  for  their  puddling  furnaces,  be  suggeaudS 
the  utilisation  of  ricli  magnetic  ore,  and  proved  that  by  the  use  of  sndlfl 
ore  a  great  improvement  could  be  effected  in  the  quality  of  the  iroi^V 
besides  bringing  out  a  greater  weight  of  puddled  bar  than  the  weigbtS 
of  pig  iron  put  into  the  furnace,  through  the  reduction  of  part  of  the  ^ 
fettling.     In   1868  be  patented  a  new  process  for  the  manufactiin:  of 
steei  rails  from  the  iron  of  llie  Cleveland  district ;    but   in  practice, 
though  the  process  was  successful,  the  cost  was  too  greaL     His  most 
important  invention,  however,  was  what  are  known  as  "soaking  piu,'' 
into  which  tlie  steel  ingots  axe  dropped  from  the  moulds,  and  kept  at 
a  unifonu  tempentture  until  lliey  are  rolled.     The  value  of  the  work 
done  by  Mr.  Gjers  during  his  long  and  honourable  career  was  acknow- 
ledged by  the  Iron  and  Sieel   Institute  by  the  award  in  1894  of  the 
Bessemer  Gold  Medal.     He  was  one  of  the  original  members  of  the 
Institute,  and  contributed  to  its  Proeerfiingn  in  1871  a  paper  descrip- 
tive of  the  Ayresome  Works,  with  remarks  u]ion  the  gradual  inctnue 
in  size  of  the  Cleveland  Masl-furuaces,  and  in  186:2  one  on  the  suoce» 
ful  rolling  of  steel  ingoU  with  their  own  initial  beat  by  means  of  Um  J 
soaking  pit  process.  m 

\j  Philippe  Alkxandrk  Goitsliialk  died  in  Paris  on  February  21, 
1898,  at  the  age  of  siity-four.  Bom  in  St.  Petersburg  on  Ang:ust  13, 
1834,  he  went  to  Paris  in  1843,  and  became  a  student  from  1830  to 


I 


330  OBITDAEY. 

Abthuk  Pease  died  at  Callin^u,  Corawail,  on  AugiisL  27, 1896,« 
the  age  of  sizty-one.  He  was  the  fourth  son  of  th«  late  Joseph  ¥tM«, 
and  was  bom  at  DarlingtoD  in  1837.  He  occupied  a  prominent  poti 
tioQ  in  the  commercial  life  of  his  native  town,  being  director  of  uni 
one  of  the  principal  partners  in  the  firm  of  Pease  it  Partners,  a  direelor 
of  the  Middlesbrough  Owners  Estate,  a  director  of  Henry  Pease  4  Cu., 
and  owner  of  the  Kormanby  Ironworks.  He  also  occupied  seat*  on 
the  directorate  of  a.  number  of  other  companies,  and  was  churman  of 
the  South  Durham  and  North  Yorkshire  Building  Society.  He  w»s  t 
Justice  of  the  Peace  and  Deputy-Lieutenaut  for  both  the  county  of 
Durham  and  the  North  Riding  of  Yorkshire,  and  wa^  an  Aldennu 
and  Vice-Cbairman  of  the  Durham  County  Council.  In  1895,  wiien 
the  Royal  Agricultural  Show  visited  Darlington,  he  offered  bis  parlt 
of  Hummerskuott  for  the  show-ground,  uud  the  offer  was  accept«U. 
He  made  his  entry  into  Parliaraent  in  1880,  when  he  was  returned  for 
Whitby,  which  town  be  rL-presented  till  1685.  In  1B95  be  was  elected 
member  for  Darlingion.  He  was  elected  a  member  of  the  Iron  and 
Steel  Institute  in  1884. 

Fritz  Salomon   died  at  Constance  on  October  26,  1898,  afi«r  »    I 
short  illness.     Born  at  Brunswick  in  1849,  he  was  trained  as  a  phar-  I 
maceutical  chemist,  having  studied  natural  science  at  the  Univetsi^  ^ 
of  Leipzig,  where  he  graduated  as  Doctor  of  Piiilosophy.     He  subse- 
quently became  well  kiKiwu  for  the  chemical  memoirs  pubiiahed  by 
him  when  acting  us  asiiisuiuc  at  Leipzig  and  at  Basel.     lu  16T0  he  left 
Switzerland  and  was  appointed  lecturer  at  bis  native  town  of  Bnioa- J 
wick,  where  he  became  acquaiuMd  with  Mr.  F.  A.  K.rupp,  who  ii 
appointed  him  chemist  at  his   cast  steel  works.     He  was  elected  i^l 
member  of  the  Iron  and  St«el  Institute  In  1893,  and  took  i 
part  in  the  Stockliolm  meeting  in  August  last. 

Jaues  Shenton,  heaJ  of  the  firm  of  Shenton  &.  Co.,  Limited, 
boilermakers,  Hyde,  Lancashire,  died  suddenly  on  June  25,  1898,  at  thi: 
age  of  fifty-seven.  He  was  a  well-known  member  of  the  Manchester 
District  Engineers'  Association,  leader  of  the  Conservative  party  in 
the  Town  Council,  and  President  of  the  Newton  Moor  Conservative  CluK  I 
He  was  elected  a  member  of  the  Iron  and  Steel  Institute  iu  1891. 

.    Sir  Thomas  Stokisy  died  at  Lancaster  on  December  13,  1898,  il 
his  seventy-fourth  year.     He  was  seized  with  paralysis  in  the  a 


Jaxbs  WiLUAsrs  died  at  hia  residence,  Biyn^l&s,  Newport,  Mm- 
monthabire,  on  May  8,  1898,  in  his  fifty-second  year.  He  was  paitoa 
in  the  firm  of  Walts,  Williams  &  Co.,  steamship  owners  and  ttd 
eiportera,  of  Cardiff,  Newjiurt,  and  London ;  a  director  of  the  Uuiwd 
National  Collieries,  Limited  (Abercarn,  Riaca,  and  National).  He  hid 
a  seat  on  the  owners'  side  of  the  Sliding  Scale  Joint  Committte, 
formed  in  1875  for  the  purpose  of  regulating  the  wages  of  the  work- 
men employed  in  the  collieries  of  South  Wales  and  Monmonthshirt. 
In  1697  he  was  Chairman  of  the  Monmouthshire  and  South  Wskt 
Coalowners'  Association,  and  Chairman  of  the  Newport  Harbonr  Trust 
He  was  also  Chairman  of  the  Committee  to  draft  the  scheme  for  the 
limitation  of  the  output  of  coal  in  South  Wales  and  Monmoathshire. 
For  thirty  years  he  was  connected  with  the  Volunteer  movement,  and 
at  the  time  of  his  death  he  was  Lieut. -Colonel  in  the  1st  Monmoath- 
shire  Volunteer  Artillery.  He  was  elected  a  member  of  the  IrtHi 
and  Steel  Institute  in  1889. 

Stephen  Wrightson  died  suddenly  on  December  2,  1696.  B« 
was  Secretary  of  the  Carnforth  Hematite  Iron  Company,  an  under- 
taking with  which  be  had  been  connected  for  over  thirty  years.  He 
was  elected  a  member  of  the  Iron  and  Steel  Institute  tn  1867. 
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\.— OCCURRENCE  AND  COMPOSITION. 
The  Hodbarrow  Hxmajtite  Hines.— The  Hodburow  bnmatiie* 

mines  have  for  many  years  been  the  most  productive  in  Cumbeiiind 
and  Lancashire,  and  tmiil  the  discovery  of  Lake  Superior  depontt, 
turned  out  a  greater  tonnage  of  iron  ore  than  any  other  iton  ore 
mine  in  the  world.  The  nature  of  the  deposit  is  to  some  extent 
similar  to  the  other  haematite  mines  of  the  weetem  division  of  the 
county  round  Cleator,  Frizington,  and  Egremont,  and  the  ore  is  of 
similar  character,  but  richer  in  iron.  The  Hodbarrow  ore  depouta 
are  found  immediately  along  the  sea  foreshore,  and  not  far  from  the 
estuary  oi  the  tidal  river  Duddon.  The  full  extent  of  the  deposits  i* 
not  known,  as  they  extend  so  far  seaward  and  are  so  scantily  covered 
that  any  considerable  working  further  under  the  sea  might  reiiill 
in  the  loss  of  the  deposits  and  of  the  mines  now  being  worked.  The 
length  of  the  chief  deiiosit  is  a  little  over  1000  yards,  and  Its  bresdlb 
some  400  od<l  yards.  Along  the  north  and  south  foreshore,  where 
great  bodies  of  ore  are  only  overlain  by  a  thin  covering  of  clay,  gravel, 
and  drift,  a  sea  wall  was  erected  about  eleven  years  ago,  and  it  is  now 
found  necessary  to  build  another  similar  wall  further  seawards,  on 
account  of  the  recent  great  inrusl^of  the  tide.  At  various  times  ttiere 
have  beeu  in-breaks  of  the  sea,  particularly  at  spring  tides,  and  ifaou- 
sands  of  tons  of  sand  have  been  rushed  into  the  workioga.  The  last 
break  has,  however,  been  the  most  serious,  as  it  waa  found  that  a  large 
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ebvcQ*i  l>U*t-fuiiiMes  whicb  bare  noiw-  bwii  atwiidoKcd.  IV  (sue 
Qf  Uib  U  0*t  nvtges  uwle  oo  the  fonst  and  the  eottrtmctioB  of  nil- 
WKfa,  which  enMe  the  wood  to  be  exported,  the  piraee  of  tinba 
hftrhig  fncrcAeed  to  tneh  k  degne  that  it  ti  no  longer  prsfiuUt  It 
vooverl  the  wood  into  charcoal  for  ireo-nDelting.  All  tbe«e  woib  it 
the  mnuotaiui  poweaMd  their  own  iron  nusec,  and  these,  loo,  hut 
now  boco  abanditned.  Two  eadi  mine*  an  the  magiwtite  nusct, 
Tobiu  Mill  Melchior.at  Ni«dergraiui,iiear  Zockmuttel,  which  focnul; 
b«loDge<l  to  the  Buchbergtthal  troaworks,  and  yielded  ore  of  ezctilant 
«]Ualilj.  Since  1864,  bowerer.  Xhej  bare  lain  idle  The  magneliu 
i>eenr*  ai  be>l«  in  a  darii  gnen  chlorite  sefaitt  of  Lower  l>eraiuaii  i^ 
Two  bctlN  of  ore  an  known.  The  Tobiaa  bed  ia  3  to  10  fiee«  thick, 
with  a  dip  of  40*  te  50*  soath-west.  Hie  ore  i*  panlj  nunin 
magnetite  and  ]>anlf  magnetite  banded  with  poonu-  ore  of  a  grejitb 
gireen  colour.  The  ore  vteldi  30  to  50  pex  eeaL  ef  iron,  and  br  hui 
picking  ore  averaging  40  U>  45  per  cent  of  iroD  can  be  obtained.  Tu' 
mine  comprieea  an  adit  level  100  yards  in  tength,  and  a  ahaA.  Tn:- 
oma  were  Tormerly  obtained  by  noderiiaiMl  atoping.  The  depth  frani 
the  imrface  vi  the  ndit  is  about  20  yards.  The  Melebior  Mine  tkv 
<N>mpri»^«  a  iihaf^  and  an  adit  level;  bat  aa  tlie  npper  portiotu  hxd 
been  eKhaasted  a  'leeper  level  wu  b^nn.  The  bed  fonas  a  loUieiilar 
mau  10  to  lA  yards  in  thickness,  extending  for  100  yaid^  TheoR  ! 
<>ontainii  40  t«  SO  |>er  cent,  of  iron,  uti  yields  on  hand  picking  u  ' 
avrrat^  ol  46  to  50  per  oeot.  of  iron.  The  depth  to  the  adit  is  25 
yanla.  The  Ini^ompleted  deep  level  is  70  to  80  yards  deep.  At  tic 
preii»>ta  time  the  ailil  and  workings  of  the  Tobias  Mine  arv  aooesHbie. 
ftn>l  the  oro  may  be  invest! {rated.  The  shaft  has  fallen  in.  At  Uii 
Mttlchnii'  Mine  the  shaft,  the  workings,  and  the  Oeep  level  are  aooes- 
•iblu,  but  ibp  adit  level  has  fallen  in.  Tlie  Ukinas  still  contain  ic 
■b^in'laiioc  of  orr,  and  might  be  worked  for  many  yoarc  on  a  lar^r 
•cale.  It  woqM  be  necessary  lo  drive  an  adit  at  a  depth  of  300  yanl.-. 
ftfld  to  erect  a  wire  ropeway  lo  Niedergrund.  From  the  minss  to  ll" 
mflway  station  at  Xnckmantel  it  is  half-«ii-hoiir's  walk. 

Iron  Or*  In  Franoe-^.  TCnlland,*  who  is  engaged  on  the  fi*- 
Ifij-irrtj  min'uy  of  France,  has  prepared  an  trndergrouod  tapogtaphicai 
map  of  thv  ferntpnont  formation  of  the  new  Briey  faann.  In  rafanis^ 
til  thi^  matter  he  nbaerved  that  an  event  of  the  first  impoitMic*  tf 
thtt  nitiim  of  French  metsllurg>'  was  the  unexpected  diaeoTery  of  lh» 
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GiTinan  territory  is  concerned,  but  »re  not  Jnconeider&ble  on  Frwith 
hiiritory.  Apart  from  these  the  ore  beds  ure  confined  to  the  plalwa 
of  Briey,  and  eapeciaily  to  the  eastern  portion.  This  plat«an  lie*  be- 
tween the  Moselle  ami  the  Maas,  and  has  an  average  height  of  about 
a  thousand  feet  above  sea  level.  By  two  side  valleys  this  platewi  b 
really  divided  into  three. 

Dealing  in  particul&i'  with  the  district  to  the  north  of  the  FentM^ 
the  autiior  first  describes  t)ie  topography  of  the  district,  and  then  ton- 
siders  tlie  question  of  the  geological  structure  of  the  country.  Thr 
benn  ore  of  the  forest  of  Aumetz  is  chiefly  brown  hmmalil«,  and  tfap 
following  is  an  analysis : — 


fefi,. 


Unfit. 


H^. 


AIjO,. 


MgO. 


8iO> 


On  account  of  their  low  contents  in  jihosplioraa,  these  beui  ore' 
were  considered  in  former  times  as  valuable  ores  of  iron,  and  wtn 
won  on  a  considerable  scale.  The  author  next  passes  to  a  pctro- 
graphic  consideration  of  the  minette  formiition.  The  compowtioo  nf 
the  workable  beds  varies  between  the  following  limits ; — 


PliMph'inn  jieiitoiide 


wSfl 


In  addition  there  is  up  to  0*5  p*r  cent,  nf  MgO  and  Mri„Oj.  Suli'iiar 
occurs  only  in  traces.  The  form  in  which  ihe  phosphorus  penloiiJe 
occurs  is  doubtful.  Fieiicb  authors  consider  it  to  be  in  combinatioo 
with  lime,  whilst  German  authorities  hold  it  to  be  combined  witii 
iron.  The  percentages  of  silica,  lime,  and  clay  are  often  much  higher 
than  mentioned  above;  silica  eometimes  is  as  high  us  40,  while  in 
other  beds  the  percentages  of  lime  and  marl  make  up  QO  per  cent,  of 
the  total,  the  beds  ceasing  to  be  of  any  value  as  ore.  The  liuss  of 
demarcation  between  the  beds  and  partings  are  often  far  from  dt>finit«. 
These  partings  consist  of  sandstone,  marl,  limestone,  And  all  kinds  of 
intermediary  products. 

Dealing  next  with  the  various  ore  beds,  the  author  gives  «  detailed 
list  of  the  seams  of  ore  that  hjive  been  met  with,  and  oilier  informa- 
tion concerning  them.  They  are  numerous,  but  vary  cousidembly  In 
thickness  and  value  as  ore.     Thus  the  bUick  bed,  the  lowest  of  all,  lias 
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The  limestone  nodules  which  the  seam  carries  make  up  from  one-Uiiid 
to  two-fifths  of  its  total  thickness.  From  Esch  both  eastwards  and 
southwards  the  seam  diminishes  in  thickness,  and  the  limestone 
nodules  increase  in  quantity.  Two  similar  beds  are  met  with  near  this 
one.  Above  this  group  comes  a  marly  bed  of  very  variable  thicknett, 
and  above  this  the  "  red-sandy "  bed.  This  latter  is  found  to  am- 
tain  Ammonites  MurcJiisonce,  Pholadomya  reticulata^  and  Liihodendvm 
Zollerianum,  In  the  German  district  this  beH  attains  a  greater  thick- 
ness than  any  of  the  others,  reaching  in  places  50  feet.  It  is  marked 
by  its  contents  of  sandy  granules.  At  the  Dettingen  Mine,  where  this 
ore  is  mined,  it  contains — 

Iron.  Lime.  Silica. 

36  2io3  26to27 

The  author  next  proceeds  to  a  consideration  of  the  ore  reserves,  and 
calculates  these  to  amount  altogether  in  German  Lorraine  to  1930 
millions  of  tons.  Other  points  connected  with  the  seams  and  the 
faults  that  occur  are  discussed,  and  a  bibliography  is  also  given. 

The  Bentheim-Ochtmp  Clay  Ironstone  Deposits. — K  Kos- 

mann*  deals  further  t  with  the  deposit  of  clay  ironstone  of  the 
Bentheim-Ochtrup  basin.  A  further  investigation  of  this  basin  has 
now  been  made  under  the  author's  supervision,  and  at  five  selected 
points.  These  proved  that  the  ironstone  beds  show  regular  bedding 
and  deposition,  beds  of  clay,  marl,  and  ironstone  following  regularly 
one  upon  the  other.  The  author  considers  that  about  500  such  iron- 
stone beds  must  exist  in  the  basin. 

These  deposits  are  also  described  by  H.  Kette.^ 

Iron  Ores  of  the  Siebengebirge. — E.  Kaiser  §  has  published  a 

complete  geological  survey  of  the  northern  flank  of  the  Siebengebirge, 
in  Rhenish  Prussia.  Clay  ironstone  is  of  frequent  occurrence.  The 
bands  vary  in  thickness  from  7  to  20  inches,  and  the  ore  also  occurs 
in  the  form  of  nodules.  The  greater  portion  of  the  memoir  is  occupied 
by  a  description  of  the  lignite  deposits  of  the  district. 

The  Stahlberg  Iron  Ore  Deposits.— According  to  Hans  Mentzel,  \ 

♦  StahJ  und  Eincn,  voL  xviii.  pp.  623-625. 
t  Jownwl  of  the  Iron  and  Steel  Institute,  1898,  No.  I.  p.  340. 
X  fJfiickauf,  vol.  xxxiv.  p.  436. 

§  Vrrhnndhnifjen  dcs  naturhiitorUchen  Vereina  der  preutsitchen  Bheinlande,  toL  liv. 
l»p.  78-204. 
II  ZeUtchri/l  far  praktischr,  Oeologie,  1898,  pp.  273-278. 


850 


THE  IRON  AND  STEEL  INDUSTRIES. 


workings  were  in  existence,  however.  At  the  end  of  the  past  eentniy 
the  quantity  of  ore  mined  annually  at  Rio  Marina  was  only  aboat  100 
tons,  whereas  now  the  quantity  reaches  200,000  tons,  and  could  be 
considerably  increased  were  this  not  the  maximum  oatput  allowed 
under  the  concession  by  the  Italian  Government.  No  smelting  opera- 
tions are  in  progress  on  tMb  island.  The  chief  portion  of  the  ore  is 
exported  to  England.  Open-cast  workings  are  still  chiefly  employed, 
the  ore  occurring  in  pockets  in  clay  slates  and  not  occurring  in  veins. 
The  ore  is  freed  from  gangue  by  washing,  sea- water  being  used  for  this 
purpose.  The  miners  distinguish  two  kinds  of  ore,  one  of  which  they 
call  "ferrata,"  and  the  other  "lucciola."  Tbe  first  has  almost  the 
colour  and  lustre  of  polished  steel,  and  is  heavy  and  hard.  The 
texture  of  the  second  is  much  looser,  consisting  of  scales,  which  reflect 
light  strongly.  The  surface  of  the  mountain  right  down  to  the  water's 
edge  is  covered  by  a  reddish  earth,  in  which  such  micaceous  iron  ore 
occurs  in  large  quantity.  Iron  ochre  also  occurs,  and  in  very  many 
different  colours.  Tiie  beautiful  rainbow  colorations  which  are  so 
often  observable  on  the  crystals  are  due  to  the  presence  of  a  slight 
film  of  ferric  oxide. 

The  iron  ore  deposits  of  Elba  are  described  by  A.  H.  d'Escailles* 
and  by  P.  Toso.  t  The  latter  gives  the  following  representative 
analyses : — 


1        Iron. 
'    Per  Cent 

Phosphorus. 

Per  Cent. 

Rio  ore,  wa8he<l 

60-00 

0-016 

Hio  ore,  uuw.ished 

54-55 

0-024 

Vignerirt  ore     . 

.     '        61-05 

0-012 

Terraiiera  ore  . 

68-15 

0-005 

Caliunita  ore     . 

58-61 

0-015 

The  Elba  iron  ore  mines,  which  were  leased  in  June  1897  to  an 
English -Belgian  syndicate  under  certain  restrictions,!  are  estimated  to 
contain  7,990,000  tons  of  ore  in  the  six  mines.  All  the  deposits  are 
worked  open  cast.  § 


Iron  Ore  in  Norway. — H.  T.  Newbigin  ||  describes  the  siliceous 

•  Mining  Journal y  vol.  Ixviii.  jip.  1000,  1112. 

t  BolUttino  del  Reale  Comitato  Ocologico  d'ltaJia,  vol.  viii.  pp.  216-348. 

X  Jow-naJ  of  the  Inm  and  Steel  InstitutCy  1897,  No.  I.  p.  601. 

§  Iron  Age,  May  20,  1898,  p.  10. 

II  Transactions  of  the  Institution  of  Mining  Engineers,  voL  xv.  pp.  154-171,  with  BAp. 
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other  slates,  the  ferruginous  qu&rtz  schists  forming  the  main  portion 
the  upper  half  of  this  lower  series.  These  latter  vary  extremeij  il 
colour,  according  to  their  varying  percentage  of  iron.  They  cnwisi 
eolely  of  iron  ore  and  quartz,  the  latter  being;  in  the  form  of  smtli  »"'i 
more  or  less  round  and  perfectly  tmnaparent  granules.  Some  bfu. 
consist  solely  of  such  quartz  granules,  while  in  others  these  are  CQiip: 
or  partly  replaced  hy  iron  ore.  If  the  mass  contains  less  than  40  or 
45  per  cent,  of  iron  it  is  not  considered  rich  enough  to  mine,  and  ih^ 
material  is  not  named  "ore"  tilt  it  exceeds  this  percentage.  Ti:^ 
poorer  ores,  averaging  abimt  45  j>er  cent,  of  iron,  are  smelted  on  tli. 
spot;  only  richer  ores,  with  some  60  per  cent,  of  iron,  are  exporwii. 
The  following  are  partial  analyses  : — 

Irnn,  par  oeDt.  fH  72        65-43        6G-60        R'iS         6911 

Silios,        „  .         .  7-58  3-4(1  1-71  0*78  O-Sl 

It  will  be  seen  from  these  how  the  percentage  of  silica  dinunishet  m 
that  of  the  iron  increases.      Ferric  oxide  is  the  oxide  most  commonW 
present,  though  magnetite  is  also  found.     The  typical  form  of  the  iroa 
ore  bodies  is  a  lense  elongated  horizontally,  and  tapering  off  to  a  wedg 
in  depth.     These  lense-shaped  bodies  vary  greatly  in  size,  the  long 
being' perhaps  rather  less  than  two  miles  In  length.      The  depth 
which  these  ore  bodies  are  capitble  of  being  mined  reaches  to  about  7 
yards,  and  their  breadth  to  about  176  yards.     The  beds  themselves' 
not  form  compact  ore  masses,  but  show  bedding  and  folding,  and  in 
respects  resemble  ferruginous  quartz  schists.      They  occupy  no  defitt 
stratigraphical  position  of  their  own,  simply  forming  local  enrichmei 
of  the  beds,  in  which  iron  ore  replaces  the  quartz  granules.     The  stc 
ment  of  Trasenster,  that  the  iron  ores  occur  in  two  horizons,  requil 
further  proof.    The  ore  consists  chiefly  of  red  hematite,  in  part  paeuc 
morphous  after  magnetite.    On  the  average  about  8  |>er  cent,  of  lh«  ( 
mass  consists  of  magnetite.    The  quantity  of  phosphorus  present  vari 
from  0-013  to  0'02  per  cent.,  averagiu!;  about  0'0I7,     The  ore  is  ca 
sequently  one  of  the    poorest  in  phosphorus  that   occurs  in  Gnro] 
Calcium,  magnesium,  and  manganese  are  only  found  in  the  ore  in  trao 
Some  beds  of  argillaceous  red  hrematite  also  occur  in  this  ueighboi 
hood,  not  in  the  fermginous  quartz  schists,  but  in  the  upper  system 
clay  slates.     The  various  iron  ore  deposits  are  described  hy  the  xutfa 
in  detail.     The  total  quantity  of  iron  ore  raised  annually  in 
years  has  been  about  100  million  poods.     lu  view  of  the  fact  that  t 
total  remaining  ore  aupplies  in  the  Krivoi  Rog  district  are  estimated 
not  more  than  20  miUion  tons,  it  is  evident  that  at  the  presenl  rate 
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Iron  Ore  in  the  Ural— Acconiing  to  G.  Kam^nsky, •  il 

deposits  of  ilifi  Ural  may  he  divideil  under  two  heads:  (l)Niui 
Btnull  depoBtiE  having  the  cLaructer  o''  pockets  or  tbia  seatnB  o' 
and  (2)  aereral  estretoely  thick  deposits  and  seams  of  ore,  six  b«fi^ 
known  al  present.  The  deposiU  of  the  first  group  probably  viil  <mi- 
tiniie  to  be  the  source  from  which  most  of  the  existing  works  inf 
their  suppHee.  They  occur  almost  everywhere  in  the  district,  sixl  ut 
more  accessible  witli  the  present  means  of  transport  than  the  man 
massive  deposits,  although  their  ex|doitation  cannot  be  so  ^coDomiuI 
The  poorest  deposits  are  situated  in  the  North  Ural.  The  nonhrni 
portion  of  the  actual  mountain  chain  contains  two  deposits  belonpii:; 
to  the  second  category,  tbe  Koutimsky  and  the  Ubrishkinsky,  wlu':b 
give  an  ore  of  high  quality,  containing  60  to  63  per  cent,  of  iron. 
Unfortunately,  both  these  localities  are  so  inaccessible  that,  DOtnilh- 
standing  the  abundance  of  forest,  they  cannot  be  worked  on  a  lar^e 
scale.  The  Bogoslovsky  mining  district  works  deposits  yielding  ores 
containing  60  to  60  per  cenL  of  iron.  The  works  oi  the  Central  Uni 
are  better  able  to  avail  themselves  of  the  two  vast  Visokogorsky  sod 
Goroblagodatsky  deposits  situated  there.  This  district  uses  alMut 
400,000  tons  of  ore  yearly,  200,000  tons  of  which  are  supplied  from 
tbe  Yisokogoraky  and  65,000  tons  from  tbe  Goroblagodatnky  deposits, 
the  remainder  coming  from  smaller  mines  whose  ore,  although  poor, 
forms  a  useful  addition  to  the  furnace  charge.  The  former  deposit* 
give  a  60  to  66  per  cent,  mi^netic  ore,  containing  an  exceedinglf 
small  amount  of  impurities,  and  tbe  ore  is  self-fluxing,  go  that  it  can 
be  smelted  without  the  addition  of  fluxes,  These  two  deposits  an  so 
extensive  that  tliey  could  supply  ore  to  tlie  whole  of  the  Urals  for 
many  decades,  In  1891,  Urbattovitch  estimated  the  Blagodat  deposit 
alone  to  contain  5,050,000  tona  of  ore.  As  regards  their  ore  supply, 
the  ironworks  of  tUe  Central  Ural  may  be  divided  into  two  groups, 
ihose  which  possess  a  considerable  surplus,  and  even  supply  other  < 
works,  and  those  which  are  obliged  to  buy  ores.  Hence,  the  miningl 
anti  sale  of  iron  ore  as  a  separate  industry  apart  from  its  smelting  jl 
widely  developed  in  the  CenlRil  Ural, 

The  Southern  Ural  have  far  greater  mineral   wealth  at  their  d 
posal  than  the  north  and  central  districts  j  the  iron  industry  is  maiat 
centred    upon    two    deposits   of   the   second  category— tlio 
deposit  in  the  region  of  Zlatoust,  and  the  Mount  Magnitny  i 
property  of  the  fieloretzk  works.     The  former  furnishes  the  Zti 

•  ColUfH  Quardian,  vol.  Uivi.  im.  a8-2SJ. 
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in  tbickaess  lias  recently  been  discoTered.  Il  bus  been  proTttl  on 
an  area  of  abgut  a  hundred  square  miles,  and  canUina  36"^  p«t  cal 
of  iron  in  its  raw  state,  or  503  8  per  ceuL  after  calcinaLion.* 

Manganese  Ore  in  the  CaacasoB. — According  tu  F.  btiif:,i 

luaiiganese  ores  are  known  to  ejdat  lu  tlie  Oaueasoa,  in  the  Gotrtnonnt 
of  Kutaie,  near  the  village  of  Cbiaturi ;  in  the  same  GoYemment  aau 
the  Churuk  lUver,  souihn'ard  from  Batum,  and  in  the  GovenuDeUa  of 
Erivan  and  TiHis.  In  Gmalier  quantities  tliey  are  found  in  nnvat 
other  places ;  but  all  the  ore  worked  at  present  comes  from  Chiiuri, 
the  export  in  1897  being  201,612  tons,  and  this  year  it  is  expected  U 
reach  300,000  tons, 

The  ore  occurs  in  a  bedded  depoait  in  a  brown  sandstone  of  Miowu 
age,  and  haa  an  average  thick  uess  of  between  6  and  7  feet.  Itt  iif, 
which  is  slight  and  fairly  regular,  is  souih-easterly.  Slighi  bultt&g  ' 
of  the  formation  has  occurred  in  some  instances ;  but  few  folds  irr 
observed,  and  the  bed  is  free  from  sudden  or  exu^me  yariations  from 
the  average  thickness.  The  deposit  has  a  distinctly  stratified  scructurtr, 
aud  is  composed  largely  of  pyrolusite,  bat  other  oxides  of  masgineu 
occur.  The  ore  is  soft  and  rather  liable  to  break  up  during  transpott 
Over  limited  areas  the  unpicked  ore  contaios  50  per  c«nL  of  manganeses, 
but  by  careful  sorting  it  may  be  raised  to  61  per  cent.  As  a  rule,  the 
exported  ore  contains  46  to  56  per  cent.  Phosphorus  vrengea  0-16 
per  cent.,  and  silica  uot  over  8  per  cent. 

The  first  shipments  were  made  in  1879,  aud  since  then  the  produc- 
tion has  steadily  increased  until  tliis  deposit  now  supplies  about  on6 
half  of  the  world's  demand.  The  production  last  year  was  331,6(8 
tons.  The  ore  fields  are  owned  by  a  very  Urge  number  of  proprietors, 
mostly  natives.  The  labour  market  is  recruited  &om  the  peasantir, 
the  averages  wages  being  la.  Sd.  per  day  for  a  man,  and  3s.  for  a  man 
and  horse.  About  S700  men  are  employed.  The  tola]  cost  at  th« 
mine  per  ton  of  clean  ore  lb  approximately  as  follows : — 


mining.  luuIagB.  u 


1  7i 


■  <Ww«<Ji««ti  voLxxiu.  p.  3S 


iHrtUvu  a/  itmiHff  fnymort,  AUutia  COj  Mhi- 
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parish  of  Ludvika  U  ol  ancient  date,  liut  is  now  in  a  depr«E«d 
tton.  The  ores  are  wagnetile  and  red  hematite,  and  two 
natural  Gourees  of  power  are  available,  the  Ludvika  Falls  r«pre««titiEig 
2500  horse-power,  aud  thw  Lernbo  Falls  representing  3000  faoree-jravcr. 
The  ore  field  covers  50,000  square  metres,  or  one-sixtb  of  the  or 
tarface  of  Central  Snedeii.  From  1871  to  I67A  the  outpnt  (tva 
twenty-five  mines  averaged  37,259  tons  of  iron  ore  annually,  but  in 
1896  there  were  only  seven  mines  working,  producing  ui  aggi^>l* 
of  29,776  tons.  The  ores  ara  (1)  c&lcareous  or  somewhat  qnartvw 
magnetites  in  the  older  gneiss  ;  (2)  qoartxose  ores  in  flinty  gaou: 
(3)  the  lower  calcareous  ores  in  the  sune  rock ;  (4)  ores  in  the  mofv 
recent  gneiss ;  and  (5)  the  upper  catcareoas  oi«s  iu  Htntr  gneiss.  Thr 
ore  field  is  in  ilirect  railway  cammunication  with  Gotheabtirg.  Otd', 
and  OxeloBUnd.  The  5893  tons  of  ore  raised  in  1 896  from  the  Lekom- 
berg  mines  averaged  55  to  65  per  cent,  of  iron,  0'4  to  1'2  per  cetiL  uf 
phosphorus,  and  0-01  to  002  per  cent,  of  snlphnr. 


Imn  Ore  in  the  Alps. — A.  Bordeaux*  publishes  an  imporUul 
memoir  on  the  mineral  resources  of  the  Alps.  Fie  refers  in  particular 
to  the  deposits  of  spathic  iron  ore  at  St.  Georges  d'Huriiuces  and  >t 
Presle. 


Iron  Ore  in  India,— According  to  P.  N.  Eose.t  laterite  rocks  iiare 
been  met  with  in  small  patches  in  the  Phen  and  the  Holon  valleys, 
Uandia  district.  Central  Provinces.  Economially  they  are  importasl 
as  yielding  in  places  iron  ore  of  good  quality.  Lateritie  ore  picked  Mp 
from  the  bed  of  a  stream  near  Lalpnra  in  the  Phen  valley  affords  an 
intermittent  supply  for  one  primitive  funiMe.  Others  ore  said  to  exist 
in  the  Deeoau  trap  area  north-east  of  it. 

The  iron  ores  of  the  Javadi  Hilb,  Madras,  hare  been  examtned  hy 
C.  S.  Middlemiss.  |  The  results  show  that  the  tipper  parts  of  the  ridge 
coutw)  several  beds  of  magnetite,  with  hnmatit«  an^i  quartz  of  tbo 
same  general  arrangement  and  appeanace  as  those  of  the  Raojamaisi 
and  Tirtamaiai.  At  the  western  base  ot  the  hills  the  mottled  gneiss 
ascends  about  oue-lhird  of  their  luaght  Then  comes  horabUndk 
gnein  and  a  series  of  magnetic  iron  beds  Lnterbedded  witli  hombleDdic, 
mteaceouat  garaetlferuus,    and     bypersthene-bearing  gaeinM.    Tk«t 

•  »n<  VmitmMt  **  JTmb.  toL  UaL  ff.  1-43. 
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deposits  in  New  Brunswick.'*^  The  ore,  a  soft  wet  stuff,  containing  50 
per  cent,  of  water,  is  5  to  30  feet  in  thickness,  and  covered  with  & 
slight  layer  of  earth.  It  is  dried  in  a  revolving  cylinder  28  feet  long 
and  5  feet  in  diameter,  and  screened.  The  coarse  stuff  is  disintegrated, 
and  all  the  material  is  mixed  with  some  binding  material,  after  which 
it  is  pressed  into  cylindrical  briquettes  3  inches  in  diameter  and  ^ 
inches  long,  for  conversion  into  ferromanganese  at  a  blast-furnace  in 
Nova  Scotia.     The  ore  dried  at  312**  F.  shows : — 


Manganese.  Iron. 

48-24  570 


Sulphur.        Phosphonis.         Silica. 
0-096  trace  ISS 


Lake  Superior  Iron  Ore. — in  a  review  of  American  practice  of 
iron  and  steel  manufacture,  A.  P.  Head  t  gives  the  following  table :— 


Vermillion 

Gogebic 

Menominee 

Mesabi 

Marquette 

Range. 

Range. 

Range. 

Range. 

Range. 

Average 

Average 

Average 

Average 
of  Twelve 

Average 

1 

1 

of  Six 

of  Two 

ofSU 

of  Nine 

1 

Mines. 

Mines. 
60-72 

Mines. 

Mines. 

Mines. 

1 
Iron  . 

65-01 

56-29 

63-22 

61*52 

Phosphorus 

008 

006 

0-08 

0-044 

0-09 

Silica 

3-89 

3-63 

11-77 

377 

6-48 

Manganese 

0-04 

2-44 

023 

0-59 

0-36 

Alumina    . 

1-20 

1-49 

1-27 

1-21 

1-99 

Lime 

0-48 

0-17 

1-61 

0-41 

071 

Magnesia  . 

017 

0-11 

1-82 

0-12 

0-49 

Sulphur 

trace 

0-01 

0-004 

trace 

0t)14 

Organic     and  ( 
volatile        j 

2-22 

9-00 

3-93 

10-70 

2-30 

The  ships  used  for  transport  of  ore  on  the  great  lakes  are  described, 
and  also  the  ore-handling  plant    The  Alabama  ores  are  also  referred  to. 

The  average  analyses  either  for  the  last  year  or  those  expected  for 
the  present  year  of  a  large  number  of  the  mines  in  the  five  great 
ranges  have  been  published  in  tabular  form.  J 

J.  K  Jopling  §  gives  some  notes  on  the  discovery,  development^  and 
resources  of  the  Marquette  range.  Sections  are  given  to  show  the 
geological  relations  of  the  hard  and  soft  ores  to  the  quartzite,  soap- 
stone,  and  jasper.  The  history  of  the  field  is  shortly  traced,  and 
statistics  are  given  of  the  abandoned  mines  and  of  the  mines  at  work. 

*  EngineeTf  vol.  Ixxxvi.  p.  32. 

t  Paper  read  before  the  South  Staffordshire  Institute  of  Iron  and  Steel  Woriu 
Managers,  March  1898. 

X  Iron  Trade  Review^  vol.  xxxi.,  No.  10,  p.  16. 

§  Trantactions  of  the  American  Institute  of  Mining  Enffineergf  Lake  Superior  Maetiof* 
1897  (advance  proof). 
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of  iron  ore,  observing  that  the  ores  found  are  chieflj  magDedta  sad 
red  haematites.  In  several  provinces  the  ore  deposits  are  of  eonnder 
able  importance.  Brown  and  spathic  ores  are  of  very  rare  occarrentt, 
the  latter  being  little  more  than  a  ra^e  mineral.  The  rocks  in  wkidi 
the  ores  occur  are  chie%  granitic,  with  crystalline  schists  and  lamt- 
stone.  The  ore  deposits  at  present  known  are  estimated  to  eontais 
seventy  million  tons  of  ore,  but  new  deposits  are  being  constanUj 
discovered.  Micaceous  iron  ore  from  one  deposit  yielded  by  diy  aanj 
a  pig  iron  containing — 


Graphite.       ^;;;^„~  Mn.  Si.  &  P- 

3^  0-28  trace  1*70  0D51  0133 

The  average  contents  of  the  ore  in  iron  was  55  per  cent  A  simuir  ore 
from  another  deposit  contained  from  44  to  68  per  cent,  of  iron,  lod 
from  a  trace  to  007  per  cent,  of  phosphorus.     It  yielded  on  assay  a 

button  containing — 


Graphite* 
2-42 


Combined 
Carbon. 

0-25 


Manganete. 
0  16 


Silicon. 
3-36 


Phoiphonia. 
0*13 


Red  haematites  from  various  deposits  gave  on  aualysiB  the  following 
results : — 


Fe,0,. 

FeO. 

ALO3. 

SiOj. 

CaO. 

PAr 

80^ 

!     67-94 
80-32 

90-51 

1 

trace 

115 

trace 

0-56 
,     2-30 

31-37 

■  •  • 

trace 

•  •  • 

0-44 

0*34 
0*69 

1 
1 

trace    1 
0-42 

As  previously  observed,  the  iron  ores  found  are  chiefly  magnetites,  and 
Japanese  iron  is  chiefly  made  from  them.  The  following  are  analyses 
of  such  ores  from  various  districts  : — 


Fe^O» 


FeO. 


MnO. 


S. 


PaO, 


SiOs 


Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent 

1 

24-85 

69-25 

trace 

•  •  * 

0-34 

5-63 

2 

26-09 

67  09 

trace 

•  •  • 

*  •  • 

3^ 

3 

2574 

65-55 

trace 

0^ 

S51 

4 

28-81 

67-02 

025 

1-71 

0*47 

1-S4 

5 

24^ 

69-85 

trace 

01)7 

SIS 

6 

24-71 

66-24 

trace 

trace 

trace 

4*47 

7 

24^ 

64-41 

•  •  • 

trace 

... 

8-58 

Pig  iron  made  from  magnetite  ores  contains  from  0*016  to  009  per 
cent,  of  sulphur,  003  to  0*09  of  phosphorus,  nil  to  0*81  of  coj^MV  ^^ 
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have  been  overflowed  by  a  massive,  highly  fermginous  trap,  and  the 
ore  bodies  are  the  secondary  products  of  its  decompositioD,  either  bj 
the  solution  and  replacement  of  coralline^  where  the  trap  and  oondliDe 
came  into  contact^  or  the  alteration  of  the  eruptive  rock  in  places, 
followed  by  concentration. 

The  ore  is  a  Bessemer  haematite,  and  appears  in  several  forms,  but 
chiefly  the  hard  amorphous  steel-blue  variety.  An  average  analysis 
shows — 

Per  Cent 

Iron 63100 

Manganese 0*097 

Copper 0<>56 

Sulphur 0-072 

Phosphorus 0*029 

Alumina 0-712 

Lime 1-060 

Magnesia 0'381 

Silica 7-225 

The  ore  outcrops  near  the  tops  of  the  hills^  and  is  worked  opencast. 
It  is  run  down  by  self-acting  inclines  to  a  solidly-built  dock  at  Daiquiri, 
where  it  is  loaded  from  pockets  holding  2000  tons  directly  into  the 
vessels  by  shoots.* 

An  interesting  account  of  the  mineral  resources  of  Cuba  has  been 
published  by  li.  Cabrera.!  The  deposits  of  hydrocarbons^  asphalt, 
and  mineral  oils  are  extremely  abundant  and  of  excellent  quality,  boUi 
for  fuel  and  lighting  purposes.  Large  masses  of  haematite  and  of  mag- 
netite are  found.  The  total  exports  of  iron  ore  from  Santiago  from  the 
opening  of  the  mines  in  1884  to  the  end  of  last  year  have  amounted  to 
3,488,643  tons.  Manganese  ore  is  also  extremely  abundant  in  Santiago 
de  Cuba. 

Manganese  Ore  in  Colombia.— The  Panama  manganese  mine  is, 
according  to  the  San  Francisco  Chrofiicle,  a  valuable  deposit  of  this 
mineral  opened  up  within  the  last  two  years  by  Baltimore  capitalists. 
It  is  situated  on  the  Atlantic  coast  of  the  United  States  of  Colombia, 
about  40  miles  north  of  Colon,  and  is  worked  by  a  company  with  a 
capital  of  200,000  dollars.  The  ore  is  easily  mined,  and  is  carried  hy 
a  wire  ropeway  to  the  foot  of  the  mountains,  whence  it  is  taken  by 
nine  miles  of  railway  to  the  shipping  port  of  Nombre  de  Dios.  Within 
the  last  eighteen  months  the  company  has  shipped  24,000  tons  of  ore 

•  Iron  and  dnil  Trades  Review,  voL  Ivi.  pp.  55S-559,  with  illastniioiis. 
t  JvunuU  of  the  Franklin  Institute,  vol.  cxlvi.  pp.  26-45. 
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more  common  occurrence  in.  the  district  of  the  river  Maecum  thsn 
elsewhere,  but  do  not  occur  even  there  in  anj  large  quantity. 

Iron  Ore  in  the  Congo. — X.  Stainier*  gives  a  sketch  of  the 
geology  of  the  Congo,  and  briefly  notes  the  mineral  deposits  of  th&t 
region.  Iron  ore  is  abundant,  limonite,  specular  ore,  and  magnetite 
being  found.  Important  deposits  of  coal  have  not  been  found.  NatiTe 
iron  manufacture  is  also  described. 

Recent  Researches  on  Meteorites.— W.  K  Hartley  t  and  Hugh 

Ramage  give  the  results  of  a  spectrographic  analysis  of  iron  meteorites, 
siderolites,  and  meteoric  stones,  and  anive  at  the  following  concla- 
sions  : — 1.  The  composition  of  different  meteoric  irons  is  very  simikr, 
though  the  proportions  of  the  constituents  differ  to  some  extent  2. 
Copper,  lead,  and  silver  are  common  constituents  of  meteoric  irons,  and 
occur  in  variable  proportions,  as  is  the  case  with  iron  ores  of  different 
varieties  and  different  kinds  of  manufactured  irons.  3.  Gallium  is  a 
constituent  in  varying  proportions  of  all  meteoric  irons,  but  not  of  all 
meteorites.  It  occurs  in  one  of  the  siderolites  examined.  4.  Sodiam, 
potassium,  and  ribidium  are  constituents  of  meteoric  irons,  but  only  in 
minute  proportions.  5.  Chromium  and  manganese  are  found  in  meteoric 
stones,  but  not  in  the  irons,  though  very  minute  traces  of  manganese 
have  been  detected  in  two  specimens.  6.  Nickel  is  found  as  a  principal 
constituent  in  all  meteorites,  meteoric  irons,  and  siderolites.  Cobalt 
occurs  in  the  two  latter  varieties  only.  The  chief  points  of  difference 
between  telluric  and  meteoric  iron  is  the  absence  of  nickel  and  cobalt 
in  any  considerable  proportion  from  the  former,  and  the  presence  of 
manganese ;  while  meteoric  irons  contain  nickel  and  cobalt  as  notable 
constituents,  and,  except  in  minute  traces,  manganese  is  absent. 

H.  A.  Miers  |  deals  historically  with  the  changes  in  the  way  that 
people  generally,  and  scientific  men  especially,  have  regarded  the  evi- 
dence for  the  ex-terrestrial  origin  of  meteorites.  Many  contemporary 
accounts  of  meteoric  falls  from  the  earliest  up  to  the  present  times  are 
quoted.  At  an  early  period  it  was  certainly  considered  that  certain 
stones  had  fallen  from  the  sky,  but  the  accounts  are  often  uncertain, 
and  the  consideration  of  the  matter  complicated,  partly  on  account  of 

*  Guide  de  la  Section  dc  VEtat  Indipendant  du  Congo  d  V Exposition  Bmx^U*- 
Tervueren,  1897,  p.  2t)9  ;  Transactions  of  the  Institution  of  Mining  Engineers^  roL  !▼. 
pp.  491-501. 

t  Scientijic  Proceedinys  of  the  lloitnl  DtibUn  Societsr,  voL  viii.  pp.  703-710. 

X  Lecture  delivered  in  Magdalen  College,  Oxford,  February  19, 1898 ;  Science  Pragrm, 
vol.  vii.  pp.  349-370. 


368 


THE  mON  AND  STKEL  INDUSTRIES. 


their  fall,  as  would  be  expected  if  they  had  fallen  on  to  the  rocky  eath 
in  which  they  were  found,  and  this  must  be  explained  by  the  soppo* 
sition  that  they  fell  on  to  the  great  ice  cap  or  into  an  enormous  snow- 
drift. The  iron  in  the  three  masses  is  of  unequal  hardness,  due  in  all 
probability  to  their  different  sizes  and  rates  of  cooling;  but  the  "woman" 
is  the  softest,  and  has  been  extensively  worked  by  the  Eskimo  to  obtsin 
scraps  of  iron  for  tool-making.  When  in  situ  it  was  surrounded  hj  i 
huge  pile  of  broken  trap  boulders,  which  had  been  used  as  hammers. 
Terrestrial  origin  for  these  masses  is  clearly  disproved. 

According  to  Oliver  C.  Farrington,*  from  the  weights  and  specific 
gravities  of  142  meteorites  of  which  the  fall  has  been  recorded  daring 
the  last  hundred  years,  the  average  specific  gravity  of  meteoric  matter 
is  deduced  as  being  3 •69. 

According  to  £mil  W.  Cohen,  f  the  meteoric  iron  which  has  recently 
been  found  near  Beaconsfield,  Momington  County,  Victoria,  originally 
measured  30  by  30  by  15  centimetres,  and  after  a  portion  of  the  thick 
coating  of  rust  had  been  removed,  it  weighed  75  kilogrammes ;  it  exudes 
much  ferrous  chloride,  and  is  consequently  liable  to  rapid  alteration. 
It  is  an  octahedral  iron  of  coarse  structure,  with  kamacite  predomi- 
nating. Crystals  of  schreibersite  gave  analysis  I.,  agreeing  with  the 
ratio  (Fe,Xi,Co)  :  P=«31585  :  1.  "Fine  needles  of  rhabdite  gave  IL, 
(Fe,Ni,Co)  :  P=- 30533  :  1.  The  taenite  gave  III.  after  deducting 
some  nickel'iron  phosphide.  Indistinct  crystals  of  cohenite  are  irre- 
gularly distributed  in  the  iron  ;  after  deducting  a  little  schreibersite, 
which  closely  resembles  cohenite  in  physical  characters,  it  gave  the 
results  under  IV.  (Fe,Ni,Co)  :  C  =  3064  :  1.  Nodules  of  troilite 
gave  v.,  (Fe,Ni,Co)  :S  =  1  :  0*9901.  Graphite,  carbonaceous  matter, 
and  silicate  grains  are  also  present.  The  bulk  analysis  of  the  iron 
gave  VI.  ;  this  corresponds  with  98*07  per  cent,  of  nickel  iron. 
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•  Journal  of  Qtdogy^  vol.  v.  pp.  126-}^. 

t  Sit2.-ber,  Akad.  Berlin,  1897,  pp.  10a5-1050:   Journal  of  the  Chemieal  Soeieif, 
vol.  Ixxiv.  pp.  171-172. 
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iletcribed,  uid  nnmod  clialyiiiCe,  from  the  telluric  irou  q{  Nukon^     I 
near  Jukobsliavn   in  north  tireenlaod,  but  since  colienite,  Fe,C,hM 
recently  been  determined  in  tliG  very  similar  iron  of  Ovifak,  it  swmol 
(irobable  llial  chalypiie  would  probably  be  identical  with  cohenitr. 

This  iron  carbide  waa  isolated  from  50'2847  grams  of  iron  bj  lU 
action  of  dilute  hydrocliloric  acid;  the  nickel  iron  dissolTed  note 
quickly  than  meteoric  irons ;  and  there  was  a  strong  smell  of  hjin 
carbons,  but  not  of  hydrogen  sulphide.  The  material  thas  isolitw 
(JIS'IS  p«r  cent.^  consists  of  greyish -black,  crystalline  aggT«gate4  witti 
Kood  cleavagi^ ;  aiialyiis  gave  the  results  under  I.,  aLgr«eiii£  witk 
(Fe.Ni,C(i)  -.  0-3i)S4  :  I.  The  portion  soluble  in  the  dilute  hyiitu^ 
chloric  acid  (4fl'&3)  gave  analysis  II.,  representing  approxiaiateiy  iiit 
cORipositioi)  of  the  nickel  iron.  The  insoluble  residae  contained  catbor 
(OOfi  per  cent.)  witli  cuuiparaLively  much  copper  snlphide.  K^liiei 
with  silicate  grains,  rust.  Sec  { I  '23  per  cent.). 

The  bulk  analysis  of  the  iron  gavo  IIL  ;  previous  analyaa  ahov 
varialious  from  tbis. 
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diatncl,  MwbMk  »  »»  of  the  fc<f  liAi Aw. «■<  tk*  autyata^tt.'d 
wWk  lU  SUl  hM  Wtt  obaarMil ;  it  SA  «a  TiMrr  33,  187a  TW 
utwiww  iayullM^ttlU  tkab  of  tfaa  tvcMfi  &—  ami  FiwqtbCa 
ir<MM     AmUjtsm  pi««  llio  iwolbs  WMwr  L 

Tli4  if«n  &<«■■  Frioiitiva,  Tuwpacn,  niilT,  l>iai  aliiii  thii  jg  ■imhi  iTiiin 
urn  of  au  aMxiUi :  KbrvitMn^tu*  »nii  ^rsfrinte  »*  pcvtMBL    Asalyn  df 
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of  dynamite.  The  Mesabi  ores  are  usually  too  soft  to  core  wilh  & 
diamond  drill,  and  are  generally  sampled  by  washing  out  the  nuteriil 
made  by  the  chum  drill.  More  accurate  results  for  sampling  are  pro- 
duced by  dry  drilling,  and  subsequently  washing  out  the  detritus  with 
the  minimum  quantity  of  water.  Great  care  must  be  taken  to  allow  the 
ore  to  settle  completely  in  the  water. 

Haulage  and  Hoisting  Plant  in  the  Chapin  Mine. — An  accomit 

of  the  haulage  and  hoisting  plant  at  the  Ghapin  Mine  has  recently 
appeared. ''^  The  ore  trucks  in  the  mine  hold  about  2^  tons  each,  and 
are  hooked  on  to  an  endless  chain  running  at  the  speed  of  100  feet  per 
minute.  They  are  emptied  by  their  own  momentum  into  pockets,  from 
which  the  skips  are  loaded  through  a  door  opened  by  a  hand- wheel 
At  the  surface  the  skip  is  tilted  by  guide  rails,  and  discharges  its  load 
of  5  tons  into  waggons  with  side  doors. 

Mine  Timber. — At  Glausthal^in  the  Harz,  the  experiment  has  been 
made  of  using  beech  and  fir  instead  of  pine  for  timbering  in  stopes. 
Both  kinds  of  wood  were  found  to  answer  admirably  where  the  rock 
pressure  was  not  too  great.  As  they  are  considerably  cheaper  than 
pine  the  economy  effected  by  their  use  is  considerable. f 

A  method  of  protecting  mine  timber  is  described.  |  The  timber  to  be 
protected  from  subsequent  destruction  when  in  use  is  placed  in  a  tank 
full  of  water.  Unslaked  lime  is  then  well  stirred  in,  and  the  wood 
allowed  to  stand  in  the  solution  for  two  or  three  months.  It  will  have 
by  that  time  been  impregnated  to  a  depth  of  about  1*2  inch. 

Bock  Drills. — Accounts  are  published  §  of  comparative  tests  of  the 
efficiency  of  hand  drills  as  compared  with  machine  drills  at  the  Ischl 
and  Hallstatt  mines  in  Austria.  Both  hydraulic  and  electric  driven 
drills  were  employed.  The  hydraulic  drills  were  on  the  Harras-Traozl 
system,  and  the  electric  rotating  drills  on  that  of  Siemens  and  Halske. 
Somewhat  variable  results  were  obtained,  but,  under  certain  conditions, 
the  hydraulic  drills  did  1  '43  as  much  work  as  the  hand  drills,  and  the 
electric-driven  drills  three  times  as  much  work.  Under  other  condi- 
tions, on  the  other  hand,  hand  drills  appear  to  have  held  their  own. 

An  illustration  of  the  Jackson  hand-power  drill  has  appeared.  ||    The 

*  Iron  Ore,  through  the  Iron  Trade  RevieWj  vol.  xxxi.  No.  10,  p.  16. 
t  ZeiUchrift  filr  das  Berg-  Hiittcn-  und  Salinenwesen,  vol.  xlvi  p.  115. 
X  Oesterreichiache  Zeitschrift  fur  Berg-  und  HiUUnweten,  vol.  xlvi  p.  443, 
§  Ibid.,  pp.  223-227. 
II  Engineering  and  Mining  Journal^  vol.  Ixv.  p.  435. 
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Halske's  electric  drills.  From  the  practical  point  of  vieir  perciudTe 
drills  have  the  preference  given  them  when  compared  with  roUry 
drills.  Originally  the  solenoid  method  of  construction  was  adopted 
in  the  case  of 'the  electro-percussive  drill,  but  this  gave  unsatisfactorj 
results.  The  author  mentions  several  machines  of  this  design.  Ai 
electro- motors  became  better  developed  they  were  naturally  atiliied 
in  connection  with  rock-drilling  machinery  as  the  motor-power.  The 
new  form  of  such  drills  as  designed  by  Siemens  and  Halske,  the 
author  states,  works  very  satisfactorily,  only  25  or  30  per  cent 
of  the  power  being  required  that  is  necessary  for  drills  worked  by 
compressed  air.  With  an  expenditure  of  one  horse-power,  400  to 
450  blows  are  struck  per  minute,  and  a  hole  is  drilled  in  granite 
1'38  inch  in  width  to  a  depth  of  3*15  to  3*54  inches.  In  sandstone 
a  similar  hole  could  be  drilled  in  one  minute  to  a  depth  of  from  about 
8  to  IG  inches.  The  motor  drives  the  drill  through  flexible  shafting. 
The  author  also  refers  to  the  application  of  electricity  for  varioas 
other  purposes  in  mining  work,  such  as  for  pumping,  hoisting,  and 
for  ventilation. 

According  to  Erik  Nordenstrom,*  lengthened  experiments  hare 
been  made  with  Siemens  and  Halske's  percussion  diill  at  the  Norberg 
iron  ore  miues.  Full  details  are  given  as  to  the  work  done.  Th« 
results  are  satisfactory.  It  is  pointed  out  that  this  type  of  drill  onlj 
requires  1  horse-power  to  work  it,  while  compressed  air  drills  require 
5  horse-power,  and  other  electric  drills  never  less  than  4.  It  is,  too, 
easily  manipulated,  and  the  drills  readily  changed.  One  objection  to 
it,  however,  is  its  great  weight,  which  amounts  to  about  8  cwt  It 
is  very  long,  and  requires  a  wide  working  face.  Then  it  is  of  com 
plicated  construction,  and  must  be  brought  to  surface  at  least  once  a 
week,  not  so  much  for  repairing  purposes  as  for  a  thorough  cleaning 

Mining  Ore  Bodies  of  Unifonn  Orade.— E.  F.  Brown  t  describes 

the  system  of  mining  which  has  been  in  successful  operation  at  the 
Pewabic  Mine,  Iron  Mountain,  Michigan,  for  a  period  of  three  years. 
About  600,000  tons  of  iron  ore  has  been  extracted  by  this  system  from 
a  large  Ixxiy  of  highly  siliceous,  hard  haematite  ore  of  muform  quaUtj. 
A  main  level  is  driven  in  the  hanging  wall  parallel  with  the  ore 
body  at  a  distanco  of  *J0  feet,  and  cross-cuts  are  driven  to  the  foot 
wall,  leaving  bu>ck5  of  ore  about  80  feet  long.     Rises  are  put  up  near 

*  Jrrtiktyntor»ts  .l-.'-i-'-  '•.  vol.  lit.  |»p.  :i«U.>-;?i*0. 

t  Pi^iHrr  nriiil  U'forv  L.ike  S'.iiH>rior   Miuin^  Institate,  Ausuit   1898,  tfaroiigh  tht 
CvHitrjt  it'utirdcuH.  vol.  Ixw'i.  y.  My. 


376  THE  IKON  AND  STEEL  INDUSTRIES. 

(3.)  Mining  Expenses, — Tlie  general  items  of  mining  cost,  breiidng 
ore,  sinking,  drifting,  timbering,  &c.,  to  represent  the  cost  of  ondn- 
ground  work,  hoisting  and  pumping  being  also  included. 

A  total  of  the  three  general  accounts,  as  above,  shows  the  prodadog 
cost,  including,  however,  only  the  regular  cost  accounts.  The  extra- 
ordinary expenditures  are  shown  below  this  total  line  and  include 
exploratory  and  depreciation  accounts,  as  follows : — 

(4.)  Exploi-atm-y. —  Exploring  in  mine  —  diamond  drilling.  Ex- 
ploring outside — test-pitting  and  diamond  drilling. 

(5.)  Dqrreciation, — Inventory,  improvement,  new  construction. 

Benefit  Funds  at  Iron  Mines. — In  a  Presidential  address,  W. 
G.  Mather  *  describes  the  operation  of  the  benefit  funds  in  the  Like 
Superior  iron  ore  mining  industry.  Relief  and  pension  funds,  hoosing 
of  the  men,  condition  of  the  mine,  medical  assistance,  and  education 
are  amongst  the  topics  dealt  with. 

Ore-unloading  Plant  at  the  Kraft  Ironworks. — ^The  Knft 

Ironworks  of  Kratzwilk,t  near  Stettin,  have  recently  put  up  an  ore- 
unloading  and  storage  plant  consisting  of  four  machines.  Each  of 
these  consists  of  a  travelling  trestle  carrying  an  inclined  boom  reaching 
about  40  feet  over  the  edge  of  the  wharf.  Ore  or  coal  is  lifted  in 
trucks  and  run  up  this  boom  to  the  top,  where  it  discharges  into  trucks. 
At  the  rear  of  the  trestle  is  a  travelling  gantry  with  a  span  of  220  feet 
over  the  stock  yard.  The  track  on  this  gantry  is  inclined,  so  that  the 
loaded  truck  runs  down  of  its  own  accord  to  any  desired  point,  where 
it  is  automatically  emptied  and  returned  by  means  of  a  weight  lifted 
during  its  outward  journey.  This  truck  is  automatic,  and  requires  no 
attention  whatever  from  the  time  of  starting  until  its  return  to  the 
workman  for  another  load,  the  time  of  a  trip  being  about  35  8econd& 
Tiie  hoists  are  driven  by  electric  motors,  and  the  capacity  of  the  four 
machines  is  estimated  at  50  tons  an  hour  each. 

Handling  Iron  Ore. — Illustrations  have  appeared^  of  the  ore- 
handling  plant  at  Conneaut,  Ohio.  These  show  the  ore  storage  docks 
and  unloading  machines,  the  M^Myler  machine  for  transferring  ore 
from  ships  to  railway  waggons,  and  the  steam  shovel  for  loading 
waggons  from  the  stock  piles. 

*  Lake  Superior  Mining  Institute,  August  1808,  through  the  Iron  Trade  Rerieit. 
voL  xxxi.  No.  35,  pp.  12-14. 
t  /ran  and  Coal  Tradrs  Rcvxca\  vol.  Ivii.  p.  597.  with  illustration. 
X  Iron  Trade  Review^  N<«.  13,  vol.  xxxi.  pp.  12-15k 
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riting  npttili)  from  mn^etie  iron  ore  at  Lulea  in  Sweden).  Group  II. 
inetic  aeparatiou  of  feebly  magnetic  ores  (Wetherell's  coDwntntnf 
~t  Grillo  Zinc  Works,  and  the  results  obtained  with  it  elMwhoe). 
■  Piillvik-GroiiilAl  magnetic  separator  for  enriching  fine  iroD  on 
t  liM  buen  pniyloycd  for  gome  years  at  Pitlcaranta,  in  Finluul 
lording  to  the  W^iinianfiiita  Amialer,  the  raw  ore  is  ground  in  wttn 
Uy  ineniis  of  a  ball-mill,  which  is  capable  of  converting  daily,  witii  u 
oxpenditureunri  horie-jiower,  from  3U  to  60  tons  of  moderately  bard  umi 
or«  of  about  3-iuch  lumps  into  fine  powder.  The  material  is  enricW 
fVom  an  iron  content  of  about  35  per  cent,  to  one  of  G6  to  G8  per  crnl. 
whilo  the  wastv  only  oontains  1  per  cent,  of  iron,  not  including  \sw 
oilioate.  The  aeparator  has  the  Appearance  of  two  rather  high  drumi. 
or  barrels,  which  iu  on«'  place  ar«  cat  off  by  vertical  planes  and  bronght 
loy«Uier.  In  one  barrel  revolver  the  separator,  consisting  of  a  verticil 
■hall  fitted  nitb  cast  iroa  aheaves  placed  2  inches  apart,  whicb  detirr 
ibvir  tn»g»*Usi« — strongest  at  the  npper  sheave — from  electric  wind- 
ill^;  and  in  (be  swond  barrvl,  corresponding  with  the  cau  irw 
tJMTM,  anudl  iron  ptatM  t«Totr«  u  l)i«  diat4uic«  of  from  1 J  to  3  aiUi- 
hmUm  ftuin  tb«  sWtm.  The  on,  (bmed  into  dime  by  water,  mu 
dirvcUjr  from  tbe  ball-mill,  anil  thcklK  off  from  the  npper  conical 
yorltoo  vi  ttw  M^anlMK  oa  to  its  pci^beiy.  Paraclea  not  coataia- 
ing  imi  m  <ndt«d  wwvf  dinetlj  by-  a  fanber  qoaBttty  of  water, 
itUo<t««l  to  flow  tato  tte  aeptnur,  wlule  ike  or«  ia  attnctevi  by  tb« 
p«C>pW7  of  ^  akeftVM  to  wkeb  Ik  adtMrw.  Tlie  sbeavw  Mt  m- 
wtjuilmm  atXht  •a^^oKOn  i—  »  A>  — B  iraa  pktn  of  tbeburr^ 
•wing  to  whM  ifc«  gniaa  of  in*  «m  b^  om  asd  imiDediately  aA^ 
«u4a  bU  to  lU  fcoWoi^  ta«aMB  tW  ■■i.iiiIwm  deereMM  with  ih^ 
iUHbmo  fr<Ni  tW  MfMoiM'  ritoawft.  TW  tna  or  thw  obuiDcd  ia 
tbo  fiwa  tt  pa«d*r  n  «a4^  witki^  a^  oAiiiina,  iato  brig— Wifc 
whkk  wh— totaliMiriWi  of  WT  C.  — < arftoJ  ia  At  Mi*^ 


Wm  M»ttojt  «l  MuMtoyoaiC  *nA  vac  f«  i 

of  iMOi  aa4  tibx  vcw.    TluaiiwiBM 
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working.  The  second  chapter  is  devoted  to  \ron  ore  dressing,  tbe 
various  ore  washers  and  magnetic  concentrators  being  fullj  described 
and  ilhistrated.  Tlie  third  chapter  deals  with  the  comminution  of 
in>n  ore.  The  remainder  of  the  volume  deals  chiefly  with  tbe  rotstiDg 
of  iron  ores.     • 

LftTI^  Rock  Omsher. — A  considerable  number  of  Gates  crushers, 
with  a  capacity  of  200  tons  hourly,  are  now  in  use,  chieflj  for  croshiDg 
limt^tone  for  blast  >  furnaces.  These  machines  stand  about  12  feet 
hi^h  and  weigh  aK^ut  90,000  lbs.  The  crusher  head  is  of  cast  iron, 
40  inches  his:h«  :^2  inches  in  diameter  at  the  top,  and  38  inches  at  the 
bi>Uom.  The  chamWr  is  36  inches  deep,  and  the  top  and  bottom 
diameters  arx*  ^6  atM  41  inches  The  speed  of  tbe  bead  is  iboat 
140  ^vr^tion^  )^r  mi:tu:e.  Illustrations  are  given  of  the  plant  for 
hauvxIiU):  the  m;&:eml  to  be  crusi.e<L* 

CtaTAphic  Records  of  tlie  Sereeninif  of  Gkiulied  Materials.— 

Os  vit"  Kill*  ^  i:iv<«  :h^  rv*;il:*  oc  a  pD^immLarr  investigmliou  into  the 
NfGAxtvHir  oc  rvvi*  aai  ocv<s-  wL^fa  subj^fvced  Co  cnssbing  under  different 
v\vxxi;uott$.  Th<  crvtshec  auL^eml  5>  t»isseii  dLnxish  ^ves  of  difftrrent 
tijM«$^^^j\  jbat«.i  :i^<  w^x;^'Jl:  rvaj.fcJ.TJsx  on  eaczi  k  Liken.  Tbe  weight  and 
$ui?  *rxf  u^«c  jt>  vX-^^cixxAisi*  "OC  L'tv?Ciiii:£.  C*>c:rarT  to  expeccaiion 
5i^f  svr^^<*  vrv;i,;Q:;^i.  x-jmccicol  v  xi^faiiu-al  chAr:ii:c«fisci<!:s  for  different 

jt.&»iy  ''.'a::.  :u^  $u\:\:t5«>$iVM  :ru}»bi3:r  :<j  smilJer  sii»  di>i  noc  aiLrmen: 
\^^   J  i.cj  :;:.«««>  .-;  :itx*ic  vri«iui:C!S>  ;so  l*ja:r  ^b^  ^ae  M^'hrnea  aDoLxed  the 


B^^tJtcsi:^^  Irtm  (^  aati  I!)u  £»(. — rius>cr:uiou«  are  drrz : 

^1  '^•■**  i.:^.  >  •ir:;s>  ^i.t    >  is*?a   uc  ,-jmpP5s*aini£  5»r»'i*c»fti  ore.  tfcie  c-a:, 

'» ■  u\. »»  ^i4 . a^  .1 1  *-'«;>'i  1  "^  •'*  >  n  . -If  '^lu  iucxi  X  3iuiiii£  ^nac  wiuirn.  is  w-: ck^i 
~*.  N  \*  VI...  ^  v.vfc.^*    1  ^:    'iA^tL  ii   111*  laotp!)  »  ji  Tse  ac  zh^f  0*ime 
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Fireclays.  —  H.  A.  Wheeler*  describes  the  fireclay  resoorcei  of 
Missouri,  of  which  there  are  two  classes.  The  flint  or  non-plastic  cliji 
or  ri>ck  clays  occur  in  isolated  pockets  or  basins  in  sUnrian  limestoDei; 
aiui  t  ))o  plastic  clays  occur  in  continuous  beds  or  sheets  in  the  eosl- 
m«^a,<uri*s  and  t<^rtiarv  formations.  Ther  are  both  extendvelT  uied, 
aiuJ  have  the  follow ini:  percentage  composition : — 


Thi^X  CXr..         r™d*T 
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r,v.'ii.»,j.i4'ii    i.h»«i    r/imi*-  un   f»dcr<   re  uh  l^lank  H'^jl.     A*  IUx4d  City, 

\    ^   Niwij       hviMfV  nrsfur'irifti^  T.hf  un  tttiL  icshnr  cisTi:  of  A]abaiBa 
'i    /.    iNxiisJio     ht)>  »«Hu  TitihlwhfU:  «.  srsinH   ro.  &*MU£T7 :  asi  tbe 

Q^Ht^  T^i*'<uilK^'$»     '^»     '*   Bntmui.  i    nn»!7i)«i»  a  mn^fifittska  of 
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in  Mnrenl  prnrino^  aod  of  a  eatn[HHitioD  well  suit«d  for  the  mtm 
foctnre  of  buie  bricks.    The  following  &re  some  an&ljrses : — 
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Chrome  iron  ore  is  also  met  with.     Anmlyses  of  this  material  li 


58-94 


Fire-Bricka. — P.  Kirlcii]>*  ilescribes  the  raanuracture  of  firectkjgc 
li'oiii  tile  uTiilcr-clays  of  tliiii  coitl-seame.      The  ciny  ia  picked  over)] 
h&iiil  to  BCjJHrate  pyrites  aDtl  coal,  and  passed  ibrougli  a  mill  i 
two  roUera  of  6  tons  each.     The  crushed  clay  is  screened  in  rerolnD; 
irominets  with  four  to  eight  meshes  per  inch,  then  mixed  wilh  witei 
aud  pugged.      Fire-bricks  of  tliis  material  are  mouided  by  hand,  u_ 
machinery  apjiears  to  make  th«m  too  dense.     The  bricks  are  il 
preferably  with  the  aid  of  warmed  air,  and  burnt  in  kilns 
lypes.     The  oblong  or  Newcastle  kiln  is  largely  used. 

8.  Cntlier  f  describes  in  detail  the  manufacture  of  bricks  from  e(xd- 
mcasuro  shale.  His  paper  is  illustrated  by  dimensioned  dniwia^  of 
the  Hoffmann  kiln. 


Austrian   Graphite.  ^  Graphite   from    St    Lorensei: 
analysed  by  C  von  John  J  gave  the  following  results  :— 


stjiii. 


Orsphite  from  Biezinck,  near  Gewitsch,  in  Moravia,  yieJded— 


hi    the  Tranintftiimi  >•/  the  Boliemian   Chemxral  Socieig  F.  Ko«ir 
gives  nnnlysps  of  some  minerals  from  the  graphite  mines  at  Naly  Treraj. 

*  TVanMi-TiOTM  u/lAr  /lUfiluEton  vj  Mming  Bnfiiaeert,  ml,  it.  pp.  4&A 

t  Rnue  UmnmtUe  tin  Mina.  vol.  ilii.  pp.  !BT-361. 

J  Jakrlveh  drr  *.  *.  ifti-lopifehtn  JMehtanMaU,  roL  xlva.  p.  Ttt 
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required  a  white  heat  before  it  was  properly  decomposed,  orhereu  u 
Americau  l>auxite  that  contained 

AV>,.  Fe/t^  SiO^  TiOj.  H-0. 

C9  2  3  4  3S 

only  required  quite  a  low  temperature  to  effect  the  aame  result 

At  the  Uute  HofTnuDgBhutte,  the  author  observes,  bauxite  Is  nied  is 
admixture  with  clny,  Hme,  or  burnt  dolomite  for  lining  Beuemer  con- 
verters. (Jther  uses  are  also  meutioned.  The  production  of  this  minenl 
appt'nrtt  to  bo  steadily  increasing. 

W,  M,  Uri'wer*  describes  the  condition  of  the  bauxite  industry  in 
Ootir^ia  and  Alatunia. 

*  ffHitiHRnwi  nnil  Xiniitg  Jaumal,  to).  Iit.  p.  405. 
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Magdoburg  Asautiatiou  of  Boiler  Usen.  Tlie  valtms  w«r«  c^cnliUd 
from  tlie  aiwIj-BeB  by  the  aid  of  the  Dulong  formal^,  whI  h»ve  te- 
coivet],  the  ftuCliur  observes,  less  nttenlion  thao  they  deserved,  inJ  Iw 
tiuw  deals  with  this  Buhject  himself.  In  the  case  of  llie  eanhy  hrnn 
coals  of  Central  Gerraaiiy.  the  {wroentage  of  moisture  {ireswnt  U  of  iW 
greatest  importance  as  far  aa  the  heating  value  ia  coocemed.  Hit 
value  of  tlie  coal  raised  in  Qermaiiy  is  about  twelve  times  that  of  iiif 
brovn  coal  aUo  raUei),  and  iht;  result  is  that  the  latter  coal  is  nm 
sufficiently  dealt  with  in  treatises  on  fnels.  This  earthy  brown  o^il 
possesses  the  property  of  taking  up  water  in  such  a  quantity  that  tiin 
may  reach  fiO  per  cent,  of  the  total  weiglit,  The  result  is  that  a  lO-ton 
truck-load  of  brown  cua)  niiglit  really  consist  of  only  4  tons  of  tlie  M. 
and  6  ton«  of  water.  On  the  other  hand,  10  per  cenu  of  waler  iu  s 
bituminous  coal  would  be  considered  exceptionally  high,  and  is  inilerd 
of  rare  occurrence.  As  a  rule  the  percentage  is  less  llian  4,  and 
usually  it  is  only  from  1  to  2.  Good  lump  coal  will  let  the  *al«r 
drniu  away  when  it  reaches  2  or  3  per  cent.,  while  earthy  hrown  coal' 
will  oflun  fwel  scarcely  moist  even  wlien  they  contain  50  ]>er  cent  m" 
inolstura  In  determining  the  calorific  value  of  a  brown  coal,  the 
percentage  of  water  it  contains  must  therefore  also  be  &scertaijiF(L 
This  is  not  au  easy  matter  cither,  as  such  brown  coats  oft«i]  undergn 
decom)>ositiou  with  j:reat  reailincas.  Thus  some  coals  give  off  a  Biark«<i 
smell  even  when  llieir  t<imper*lure  i*  only  50'  C,  The  autbnr  con 
siders  that  it  is  consequently  itiiaccurat^  to  first  fully  dry  th«  fuel,  ami 
then  lo  deienuina  the  calorific  power  of  the  ilried  faeL  E*«n  •> 
ordinary  temperatures  the  cornpositioo  of  this  fnel  is  caamfitlr 
chatigine.  oxygen  being  absorbni,  vliil«  otber  conslitiieota  escape.  A 
portion  of  the  water  present  in  brown  cools  exists  in  cmnbtnalioB,  aad 
ia  not  fnt.  The  author  refers  So  a  Biimber  of  statementa  by  difiemit 
aittbors  on  this  subject,  and  then  deals  with  th«  dificalty  of  detct- 
HAuUj;  the  moisture  in  further  detaiL  Ei 
jjpm  change  »f  compwjtion  when  driml  at  100'  to  1 10% . 
m»hi  show  as  stat«d  by  t'lMlkec  : — f^iMly-povdwvd  Baotacf  bitami- 
now  coftl.  vbMi  beaiKi  foe  thra*  hMts,  lost  183  per  enl. ;  and  «htt 
k«pt  «T«r«j^  tiwn  water.  hirMM  a^u  'i-59  per  ceoL  beafMt 
OfituBtaBM  coaL  3  1»  gTMSOMS,  bMtMl  tM  100'  trios' C&rdtfK 
tuMU*  be««*M  waicb-gb»es,  drmJitidbwi  in  weighb  tn  3SM0  ptmrna, 
a  baa  of  4*35  {Me  cvat^  and  aibauyt  expecnawta  ihn  ■  ml  ikt 
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above,  Imt  Cal.  power -80  C. +290  (H  -  ^0)  *  25S  -  6W  bidiig  ikt 
water  present.  The  author  gives  a  lai^  number — forty  id  all— «( 
irncli  determinations  inaile  in  the  case  of  Central  German  eiittt 
brown  coals,  nnd  from  these  he  calculates  the  following  average  remit 
for  this  kind  of  coal.     He  gives  the  percentage  coropOEition  aa — 

Curlwii.  Ujdraiien.        (O  +  X-I^S).  ^h.  Moutan. 

330  27  13-5  8-5  15^ 

The  lowei  filoriSc  value SfiPO 

TliB  onlorillo  «»luo  for  thp  onil  compUtelj  fre«  from  i  „,„ 

w.ter }  «S0 

Ths  Mlorilia    tbIuo  of    the    oi»l    with  30    per    oent.  I  ^^^ 

TJiB  mlorillo  ™lue  of  the    onol    with    45    [tcr    cMt.  i 

moiitoro  proient       .....  .  f  '''" 

In  the  caae  of  the  perfectly  dry  brown  coal,  the  maximuui  shown, 
except  in  the  case  of  one  single  sample,  was  5947  calories,  and  Uit' 
minimum  4374.  The  percentage  of  ash  varied  from  3*69  to  1322, 
and  that  of  moisture  from  1560  to  53-0.  The  following  are  tlif 
Iiigheat  and  lowest  analyses,  as  far  aa  the  percentage  of  carbon  in  the 
fuel  is  coticerned  ;— 

Carbon.      HfdrogeD.     O  +  N+S.  Aik.  Mouiun. 

Huimuro  M-33  4-50  17-02  7T3  I6« 

MiDimoin  27-29  3-6t  1176  lO'SO  «8'U 

The  calorific  values  of  these  fuels  in  the  dry  state  were  reapwtivflv 
5947  and  4429.  , 

Pyrometry. — J.  Kersten*  ciescribes  and  illustrates  the  pneumwir 
pyrometer  devised  by  Uehllng  and  Sieinbart. 

According  to  A.  Stansfield,t  in  obtaining  photographic  records  of  ibr 
readini;*  of  thermo-electric  pyrometers,  the  range  of  measurement  i» 
limited  by  the  size  of  the  photographic  plate.  For  long  ranges  of  tem- 
poratiire,  the  sensitiveness  of  the  galvanometer  mast,  therefore,  be  null 
When  it  is  desired  to  examine  the  temperature  changes  in  detail,  u, 
for  instance,  at  the  melting-points  and  freezing-points  of  metals,  it  ii 
necessary  to  employ  some  devi«e  for  giving  a  more  open  scale  for  tfar 
short  temperature  ranges  that  include  those  particular  poinic,  Fot 
this  purpose  two  galvanometers  are  arranged  in  parallel,  and  bo  that  (hej 
have  their  deflections  recorded  on  the  same  photographic  plate.  The 
less  sensitive  galvanometer  covers  the  entire  range  of  temperautrr 

*  JEmK  Vuirm^lc  dei  Minn,  ntV  zliii.  pp.  44-42. 
t  I'ai'cr  rend  betim  tbe  Phrmcal  Sodetj,  Hmh  18S8L 
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Ruthin,  by  A.  SCrahan.*  This  Hupplement  contains  records  of  borisp 
put  dowQ  in  tb^  reclaimed  portion  of  the  estuary  of  the  Vkt,  ti^i. 
these  are  of  importance  as  proving  the  presence  of  upper  coal-meuDiM 
which  rio  not  appear  at  the  snrface,  and  were  uot  previously  known  lu 
exist  in  Flintshire  or  west  Clieslitre.  In  this  region  the  middle  ocal- 
meaanrea  are  the  productive  strata,  and  the  new  information  sfaowi  thii 
the  upper  coal-meiiauree  may  underlie  much  or  all  of  the  Chasbtrv  Trmi, 
and  would  coriaequentlv  have  lo  be  penetrated  in  winning  the  coaL 

Goal  in  the  South  of  England.— W.  U.  Hudlestoo,!  in  a  prwi- 

dentLal  aidrei-s,  refers  to  the  probubdity  of  fin<ling  workable  ooii  e«". 
of  the  proved  Some i-set-h ire  fiell.  Tne  question  of  coal  suaih  of  tii- 
Meudi|is  in  t<io  speculative  on  ac^count  ot  ibe  cliauces  of  deterioratioD  a' 
the  coiil'UieiiKUres  in  that  direction.  But  tn  tiew  uf  the  fnrLiicuadug 
meeting  nf  the  British  Associatiuu  ai.  Dover,  the  qiiesLioii  uf  findin);  dual 
lo  the  eastward  of  Biith  liecomeH  a  speciulh'  interesting  Buhjeot  lor  ili^- 
cussion.  It  ia  also  a  matter  of  some  consequence  wheiher  the  hidden 
basin  or  basins  belong;  to  the  meridional  or  to  the  east  and  west  8y»:«n 
of  flexures,  The  latter  ia  most  likely  to  bathe  case.  The  vale  ofPewsey 
has  been  mentioned  as  a  suitable  locality  for  boring  along  the  line  of 
the  recognised  axis.  But  prospectors  should  bear  in  mind  the  warning 
of  Rarasay,  thst  the  basins  containing  coal  are  but  few  in  compah»in 
with  the  number  of  basins  throughout  the  palieosoic  rocks.  No  doabi 
the  line  indiiated  is  more  favourably  situated  for  coal  exploration  than 
the  eastern  counties.  The  unsuitabillty  of  East  Angliaaaafield  foreosl- 
prospectiug  was  insisted  on  in  the  author's  second  anniversary  addreu 
to  the  Geological  Society,  and  the  results  seem  to  have  been  very  much 
what  might  liave  been  exjwcted.  If  coal  is  to  he  found  beneath  the 
secondary  rocks,  the  line  of  search  should  be  carried  through  th' 
counties  of  Kent,  Surrey,  Berkshire,  and  Wiltshire,  though  the  thiw 
latter  counties  huve  hiiheno  been  content  to  leave  their  undet^uuii 
riches  unexplored.  The  Kent  Coa.1  Exploration  Company  is  doing  somr 
good  work  with  a  reasonable  chance  of  success ;  though  if  they  wii'i 
lo  find  coal  sufficiently  near  the  surface  they  had  better  adhere  as  nMifi' 
OB  possible  to  the  line  of  the  North  Downs,  since  operations 
Sussex  side  are  only  too  likely  to  be  within  the  influence  of  the  Ki 
meridgian  gulf,  which  was  proved  to  exist  at  Battle. 

R.   Ktheridge  |   deals  with    the    "  Relation    and   Exteiiaion  of 


•  Kalure.  ™1.  l»iii.  |,.  628. 

f  P*|iS[  rend  before  the  Geologiiwl  Section  al  tbe  Brituh  liiociatinn.  Septr mber  ]^- 

Xibid. 
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lib«*  nfiklSfOS  ctf  '\ht  n&xlh  of  France,  in  which  he  shows  its  renurkaUe 
Aaukli^  izi  ia3*DrimiY  to  the  CieUoeoiu  basin  of  Foveau. 

Amajiia  OoaL — C  Ton  John  and  C.  F.  Eichleiter*  giTe  the 
3*M4A.iu   ..if  ik2iiiJT-M«   ^f  50  specimens  of  Austrian  coal,  and  of  17 

SL  A   ^V^<l^,^Tf  luks  published  a  detailed  account  of  the  geology 
K    -uist   S<^kisM^hwhdowitx  section  of   the  Lower   Silesian  snd 

TW  OquI  iBdttstry  of  the  Rhewiah  Westphalian  Provinoes.— 

r  ll  >£i  T-&3i^  :  OT-c^  urXAiiS  of  the  coal  industrr  of  the  Rhemsh 
W'giM^ak'^fc^  }>(rYijEKV«.  Numerous  tables,  chiefly  dealing  with  the 
>.%Ai»i:jk.  jLii  Ia'S.'wT  ^2:ru<>TT'i  and  with  the  yield  of  the  collieries,  ii« 
Ai»'tvtt'i'e»i.     ^..'«t•T^  ex:r:i«r:*  are  given  by  H.  Hall.  § 

Browii^Ooal  OiacoTeries  in  Saxony. — Borings  that  haTe  beeo 

ya:,  low  11  -j>e«ir  Leiy^:^^  j^re  stated  to  have  discovered  at  Wachau  a  seam 
in>m  1<?  lo  II  Yar«i$  i::  thickness.  j|  At  Scockheim,  near  Lansigk,  s 
seam  iroui  b  :o  7  var>is  is  thickness  has  been  met  with  at  a  depth  of 
trooi  27  :o  3c^  ,v;ir*i^  At  Hartmannsdorf,  near  Boma,  11  boreholes 
have  been  pu:  dowit*  aad  have  shown  the  presence  of  a  seaoi  of  brown- 
coal  iT%>m  13  :o  15  varus  thick.  At  Golsem,  near  Grimma,  borings  have 
shown  the  exiscence  of  a  brown-coal  seam  some  7  yan^  in  thirknwg, 
and  ezteuctiu^  over  an  area  of  $2  acres,  and  at  a  depth  of  from  26  tt> 
37  vards.  Other  seams  are  also  mentioned  as  having  been  discovered 
elsewhere,  some  of  which  are  of  very  considerable  thickness,  one  being 
about  14  yards  and  another  11  yards  chick. 


in  Greece. — According  to  Zengelis^  lignite  is  now  mineti 
in  three  places  in  Greece.  Of  these  the  most  important  is  KumL 
which  supplies  15,000  tons  yearly. 


Goal  in  Hun^^ary. — A  Gesell  **  discusses  the  geology  of  the  Fiiiif- 

*  Jakrbuch  der  k.  k.  gtulogiichen  RtieJuantUMlt,  toL  xItu.  pp.  737  -7-15. 
t  /6i<i,  pp.  455-47a 

:{:  Ooiuular  Keporta.  Miscellaneous  Series,  No.  454. 

§  Tranaactu/nt  of  the  ManchetUr  Geological  Society,  vxil.  xxr.  pp.  569-577. 
II  Jaki-buckfUr  das  Betv-  wvi  HUttenweMCH  im  Konigrtieke  Saehsen,  UR)7.  p.  146l 
1[  ^per  read  before  the  Intemational  Chemicsal  Congriwi,   through  Aif/rnccrui?* 
voL  Ixvi  p.  3M. 
**  UniforUohe  MoiUmt^Zeipwng,  voL  it.  No.  U. 
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the  five  yesra  1892-1897  iiicluBive.  In  this  report  the  Kusuejsk  nai- 
beds  in  the  Govemmetit  of  Tamsk  ore  recognised  as  a  reliable  Kinttt 
for  Western  Siberia:  they  are  27,000  square  tnilea  in  extent,  ind 
coiitaiu  the  extraordin^iry  rich  mines  uf  Koltscbuginsk.  Beds  of 
anthracite  are  also  found  here.  Otlier  coal-beds  were  found  in 
Western  Siberia  anil  in  the  Steppei',  and  of  these  the  most  prudnt:- 
tive  proved  to  be  the  Karagandiuech  and  the  Kau-Tcheku  depusiu. 
Mention  also  is  made  of  the  coal-beds  at  Chibas-Tiis,  Nazatjev^li, 
and  Ht  Kurbatov,  near  Atchinsk.  This  coal  lies  far  distani  from 
the  line  of  railwuy^,  and  the  unavoidable  outlay  involved  in  tnnfr 
jiorting  It  ti>  the  railway  will  considerably  increase  its  cosL  Mon 
favourable  results  were  obtained  in  this  respect  near  the  nsiaoa 
of  Sudshenka,  on  the  Central  Siberian  line,  where  seams  of  coal  of 
good  quality  were  found  in  the  neighbourhood  of  the  line,  suitable  for 
use  in  locomotives.  Geological  investigations  were  also  uudertakeo 
in  the  section  of  the  Central  Siberian  line,  in  the  rich  coallields  of 
Kuakunskija,  Kubekovskija,  and  Antropovskija,  in  the  Govemnieol  uf 
Yenisei.  The  Centra)  Siberian  surveying  section  also  discovered  k 
deposit  of  brown  coal  in  the  Trans-Baikal  district,  near  Lake  Baikil, 
at  Myssowaja.  As  to  the  results  of  the  Eastern  Siberian  geological 
survey,  the  presence  of  coal  was  establislied  at  the  following  placM:— 
Near  the  village  of  Tcberemchovakoje,  on  the  river  Angora,  in  the 
Government  of  Irkutsk  ;  at  Wyssokaia  Bubrava  on  the  river  BelaJA,  m 
the  Government  of  Tomsk,  and  along  the  railway  embanknient  from 
the  town  of  Nijni-Oudinsk  as  far  us  the  village  of  Kimilteiskoje.  Of 
these  coal-deposits  the  first-nam«d  are  especially  worthy  of  attention. 
The  work  of  this  Commission  is  also  described  by  Venukoffi  * 

In  the  year  1888  the  Russian  Government  sent  a  geological  expedi- 
lion  to  Eastern  Siberia,  to  the  coast  district  known  as  Ussuriland,  with 
a  view  to  examine  the  country  for  coal  in  the  vicinity  of  the  harbour 
of  Vladivostock.t  It  was  specially  desired  to  search  not  merely  fur 
any  kinds  of  coal,  but  particularly  for  coal  suitable  for  steam -nustnf 
purpvses,  so  as  to  free  the  Russian  Eastern  Asiatic  squadron  from  iu 
former  depemlence  on  Cardiff  coal.  Very  satisfactory  results  were 
obtained,  a  broad  zone  of  coalfields,  reaching  up  to  126  miles  in  width, 
was  discovered  crossing  Southern  Ussiriland,  of  which,  liowever,  owing 
to  want  of  transport  facilities,  only  some  12  square  miles  in  iht 
neighbourhood  of  the  Seutschan  river  is  workable.     A  portion  of  this 

>e  IS,  1S9& 
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Bumption  is  Id  appreciable,  practically  the  whole  output  is  used  for 
BteauiabipB,  railways,  aoil  t'actorieE.  The  resaits  of  the  examinstiiiti 
of  the  various  coals  have  been  plotted  in  curves,  aud  a  table  of  pi«viou>l> 
publiHhed  aiialjBcs  of  Indian  coal  ia  also  given.  The  coals  vary  grcitk 
in  compoBttion  and  in  quality.  Most  of  them  are  quite  suitable  I'ur 
ordinary  purpoBes,  whilst  some  of  the  samples  from  Bi^ngal  and  C^niul 
India  are  of  excellent  quality,  quite  equal  to  that  of  many  Eugh^h  n: 
Welsh  coals.  Tiie  Bengal  coal  is  that  most  largely  mined,  and  a  gre»t 
deal  of  h  is  serviceable  steam  coal.  Many  samjiles  cake  well  and 
contain  but  little  sulphur.  Th«  coke  made  from  this  coal  apipeara, 
therefore,  to  be  suitable  for  iron-making. 

A  summary  of  this  report  is  given  by  B.  H.  Brongh,*  who  notet  llw 
omission  of  the  analyses  of  Hyd«rabad  coal,  recorded  in  J.  P.  Kirknp't 
monograph  on  the  Singareni  coalfield. 

Coal  in  Newfoiindlaild.^According  to  D.  W.  Prowse  t  there  «» 

three  coal  areas  in  Newfoundland — Grand  Lake,  St,  George  Bay,  and 
Codroy.  The  two  latter  are  known  to  be  extensive  coalfields  pro- 
ducing very  superior  coal.  It  is  probable  that  in  the  near  future  du' 
Codroy  coal  will  be  worked.  It  is  the  best  steaoi  coal,  and  is  very 
near  Purt-aux-Basques,  the  terminus  of  the  railway. 

The  completion  of  the  branch  railway  to  the  coalfields  of  Grand 
Lake  is  probably  the  moat  important  event  of  all,  whether  viewed  from 
a  local  or  an  Imperial  standpoint.  It  is  the  nearest  coal-supply  tn 
England  across  the  Atlantic.  It  gives  Britain  an  unrivalled  supi'l) 
of  fuel  for  her  ships  of  war  500  miles  nearer  home  than  Halifai.  Tli>- 
coal  is  bright,  clean,  and  hard,  like  Wharncliffe  Silkstoue  coal  h 
burns  with  a  white  ash,  and  has  been  tested  on  the  local  railway  with 
excellent  reaults.  Coal-mining  and  exploration  have  only  been  carried 
out  on  a  very  small  scale  over  the  50  square  miles  of  the  Grand  lake 
coalfields.  The  largest  output  so  far  is  from  the  pit  at  the  end  of  tiit 
branch  railway,  and  investigations  have  shown  that  the  coal-measnrti 
and  workable  areas  of  coal  extend  much  further  than  was  at  first 
supposed.  The  opinion  formerly  held  that  the  coal  in  NewfoundUod 
was  only  the  tail  end  of  the  Cape  Breton  coal  is  now  rejected. 

Goal  in  Cape  Breton,— E,  T,  Moseley  has  presented  to  the  I 
Society  of  Nova  Scotia  au  account  of  the  recent  discovery  of  coal  i 
Cochrane's  Lake,  Cape  Breton,    The  seam  Is  6  feet  thick,  and  under 
•  yatun,  vol,  Iviii.  p.  3ao.  f  The  Timet,  XueM  18.  18W. 
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wifiA  w«*)d  b«  WMBitKBt  Cm-  tbe  redocboa  of  ores  in  the  niinuig 
'ItMrietof  Sovtaen  Arfcaaau^ 

Ooal  is  GUondo.— Artikor  Laka*  dcKribes  tbe  El  Puo  coalfield, 
"nv  C'/i'^rado  .Spnngi.  Tbe  coal  fields  49  per  ccDt.  of  fixed  cuboo. 
It  is  not,  [wvertT,  a  coldog  coaL 

Coal  In  MiaMyati — ^A  pamphlet  has  been  published  dacrilHii| 
tbe  cjalfi^ldi  of  Saginaw,  kljckigan.  Until  &boat  a  year  ago  tiMK 
ooalfi^lil*  ri:ceii'cd  little  attention  and  wen  not  considered  importaot. 
In  1897,  b'>«rever,  aerenl  companies  were  organised  and  opentjoBi 
be^D.  Tbe  pani)iblflt  gives  an  account  of  the  different  companies  snd 
their  work,  and  takes  a  faTonrable  view  of  their  fatnre. 

Ooal  in  Ohio  and  Weit  Ti^inia.— E.  H.  Coxe  t  diacoaies  tin 

ciim|>etiti'jn  of  West  Vtrgitiia  with  Ohio  coal,  and  gives  many  par- 
ticulari  affecting  the  mining  and  properties  of  the  coal  in  those  Statu. 

Coal  at  the  Omaha  ExhitdticOL— W.  R  Phillips  J  describtt  the 
coal  an>l  coke  shown  at  the  Omaha  Exhibition.  The  exhibits  sre 
grouped  uDder  the  separaw  States.  The  Je&on  Coal  Companj,  of 
Alabama,  shows  some  good  coke  made  from  slaok  coal  from  the  Stein 
washer.     The  analysis  given  is — 

PwOnL 

Moinan 075 

Volntil.  ir.tt«r 0-75 

Fixrd  eu-bon mi)0 

Aah S-M 

Sutpfanr  OTfl 

When  the  Robinson  washer  was  asun,  die  ash  in  tbe  coal  was  rarelj 
lesN  than  14  per  cent. 

The  (Colorado  coals  are  welt  exhibited.  The  specimNU  are  of 
iinirorm  mze  mounted  oti  blocks  of  wood,  and  bare  fall  analjeei 
aitppndfil.     Aittlirncite  from  Gunnison  Connty,  C<Jorado,  confined — 

PerOKt. 

riirh..ti 87« 

Kylnvn 311 

Nitrm:ei> lt» 

A«li 4-16 

J^'itl'lim 0-89 

NoniTriiis  HnalyneK  ol  l>ituminous  coal  from  Coloimdo  are  giren. 

•  Minrt  nnrf  ftiifmU.  »ol.  iriii.  pp.  4SS-tB4. 

t  ^H'niTr.n^  and  Afm^  Jtmmal,  *oL  Ixii.  p.  «H. 

::  Ameriran  MitnufiKltirtr,  Tol.  Iilii.  pp.  ttSO. 
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PeniiMylvania  the  inflaence  of  the  geology  upon  the  topography  ii 
similarly  observable  on  a  mach  larger  scale. 

Goal  in  the  Socky  Monntams. — R.  M.  Hosea*  pablitha  a 

description  of  ihe  methods  ot  mining  and  preparing  anthracite  in  the 
Rf;cky  Mountains.  The  seam  worked  at  a  mine  he  describes  ii  thin, 
4  to  4J^  feet,  but  of  very  fine  quality,  hard  and  glossy.  Its  avenge 
composition  in — 

Per  Gent. 

Fixed  carbon 87*51 

Volatile  matter 7iS2 

Moiiture 072 

Ash 4-15 

G.  M.  DawAOU,  Director  of  the  Creological  Survey  of  Canada,  uotei 
the  industrial  development  of  the  Crow's  Nest  coalfield  in  the  Bockj 
Mountains.  At  Fernie  he  found  100  coke-ovens  being  erected  lo 
supply  the  smelting  works  in  the  Kootenay  district.  A  branch  line 
of  5  miles  connects  the  collieries  with  the  main  line. 

Ooal  in  Washington. — Surprise  is  expressed  that  the  coal  used 
by  the  United  States  G^)vemment  on  the  Pacific  Coast  is  obtained 
from  British  Columbia  instead  of  from  Washington.  As  a  matter  of 
fact  the  Washington  coal  is  not  of  such  good  quality.  British  Columfaii 
coal  contains  86  per  cent,  of  fixed  carbon,  9  per  cent,  of  volatile 
matt<^r,  and  2  p(*T  cent  of  ash,  whereas  the  Washington  coals  ran 
from  62  per  cent,  of  fixed  carbon  down  to  53  per  cent.,  with  20  to  SO 
per  cent,  of  volatile  matter,  and  14  to  11  per  centw  of  ash.  Hie 
following  are  analyses  of  Washington  coals  : — 


Mointiire        .... 
Non-conibn«tiblo  volatile  matter 
(V>!nhuHtihl<i  volatile  nmttor 

Snlphni  .... 

Anh        ..... 
PhoH|»]ioniN   .... 


Fiiirhaven. 

Per  Cent. 

OSl 

2-09 
2IJ17 
02-39 

014 
14-88 

0-24 


Wellington. 

Per  Cent. 

1-60 

6-97 
25 -dO 
56-40 

0-30 

9-S2 


Bodjn. 

Per  Oat 

1*45 

30-82 

015 
11-94 

oaa 


Use  of  Anthracite  in  the  Navy. — An  important  commnnicaiaoD 
haK  ho4>n  umdv  h\  W.  K.  Lord  relative  to  the  nse  of  anthracite  in  the 
l^nittMl  Stat<'R  Navy.     He  is  opposed  to  the  nse  of  boilers  baraing 

"   ^f<nfx  and  Minaxih,  vol.  xviii.  pp.  fi29-58S,  vol,  ztz.  pp,  ?-&• 
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IVsiTihin};  the  mineral  i«aources  of  Chili,  Wiener  *  points  out  chil 
mineral  fuel  is  not  absent,  for  in  the  south  of  Chili  there  are  a  (lirir 
larj^'  nuiuWr  of  mines  of  brown  coal.  The  following  vtaljaex  gire  u 
iilo.t  of  ilio  voui(K)siiion  of  the  fuel : — 


Baen  BctinL 


Per  Cm. 

4$-9> 

M-50 

»■» 

-io-a> 

4!0 

sxa 

«■» 

1-60 

Anthracite  in  P«m— Ti-?  rernT;^,::  u:;iLncit«  tiet«M»  uf  rc 
tvr'.if^  .■:;  ,}  ;; -r  Lii— i;  \'r  A=!^ri-.ic  Et-tob'jcs,  The  <i«|«citc  in 
v'^j  ;:■.;  *i;-.uv,';  c' tw  .\u  v^s,  :^  :i:e  rrona-,-*  of  Haa!p>T<>c.  Smwi 
*r>f  ■■.■'*  bi-b-;  '.iijiiir:  :'  -  x  r-i^.m-j.}-  ■'ti-'qi  P^rasmayo  on  the  e-'jtfi  W  tiie 
wm^i-j^J.  X  Lis:*!!.-*  .■:  12!  kD;*.  I:  is  «s:iitLi:ed  :ha:  2,'»?,'>J0  '.obi 
;i*u  \v  ai  u>rti  icaiil";-  iri-i  wcvsc<fi  sz  zht  -i^iitM  :or  Ss.  a  ton. 

V.  C  Cit^'vvu'tfC  '  i^.di'is  :h  I'  S.'sb  ao:i]r^:iie  anil  li^aice  oenir  on 
;o<?  ri-s  4,"i  wusc  *!■.■;  >!S  jc  '..11  A-j'WA  4a-i  shas  she  decoate  are  u  bt 


Cool  in  Soath  Africa — '<^^  Srcuui  Vi(»4r»a^  a:  C'Eiiiiiie  bn 

'.irn'^i-'Fi.     Si'.-i.'is  :;t.\-;ii  :•/  uvt^rtoi:)  'S  'j<  'Miu  was  of  roi£-;iec^T  eood 
[iiM.'.cv  '4?n  iu  iUL:».:ii.'tur'''  tiij:  ojn9u;iim«ncs  tK  now  beuu;  t>rouiii 

X  .t:si'  :■:•  i!  .;■  -.!•■  .■•)..;cr;ps  :ii  -.ae  Souca  Afircaa  S^cab^  cai 
'fi.-fii:!"  t.'i-t'.>.'-^<:.  .V,'iiuu.r^  'j:i>>«:^  st-nc:uued  .uv  -h^iee  ai  Bnkpao. 
\    K.i" '■!  ^    !,    1.1  i  >iTii^'s     JTiP  'ir^tkpiin  rarm  ^n]T»^^  jom-r  I'W 


;  "ly  It  r'eec  -if  !■.'*« 

-:!-:>:    IP:  rwj    it^-UOi   It  tad  iO  ittt 


u.->.  >»■  ii».  la:.  JNi  ■ 
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Ootl  TMttiof  by  Uie  Sdatgen  Rays.— The  spbwr  of  uwf^- 
of  tlM  Rtiat^«n  nj^  ts  gndulir  vi<i«ung.  uid  is  dow  bnng  exu^i- 
to  dw  tntiM^  of  omL  Aeeoniing  to  H.  H.  Coanott*  orboo,  in  i.i  :- 
fanw,  »  aiwiiiHB^lj  tns^artat  to  tlw  ixy i,  wliQe  bHck  and  bSu> 
W»  op»^>B.  hj  [liiiin,  «  to^  of  eotl  between  m  Crookc*  tube  a&i  -. 
•MrweeM«cfw«a,»Utk*&tliDnmgFH(BitftlMfad  caa  badeCMtni. 
U  tin  WHMNr  ihv  «■&«■  hai  tntad  ihracile  awl  bimmiagM  cnL 
)««ili^«k%MdUocfclM.  TWeo^McnttedMnclcrafUKlaaff 
fcrt  it  «iwaty  lib— »  ;  M»4ncibll»  partidMcf  iroa  ^Iphifc  ito» 

iftMk,  wff  b<  wei.  1Mb  m  mi i  rf  tn  mmwt 
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third  of  the  cost  of  charriug  in  stacks  in  the  oeiul  way.  Euh  kHa 
contains  four,  six,  or  t^ight  cliombers,  wliicli  are  ciiarged  n-iih  wood 
tiirougli  nn  opening  in  tlie  root'  from  an  overhead  converor.  Tlje»'«i 
in  in  tiie  form  of  rouml  lo^'s  or  sliiba,  and  other  refuse  fn.ni  the  s^w- 
the  lijiigth  being  jireferably  equal  to  tiie  wtdtfa  of  the  chamber.  Belor 
the  bottom  of  cacti  chamber  there  are  two  fire-boxe«,  oae  ott  each  ait 
of  the  kiln,  and  two  flues  for  the  outgoing  gases  on  the  side  of  the 
cliamber  opposite  the  fire-boxes.  The  chambers  are  provided  on  bolk 
sides  with  Uiscliarging  doors,  which  are  made  in  three  parts  in  orderio 
make  thein  light  and  easily  handled.  The  bottom  of  tlte  kila  iucliors 
from  the  centre  to  the  sides  to  facilitate  the  discharge  of  charcoal,  aod 
is  also  slightly  dished,  so  that  the  condensed  water  may  flow  out  at  the 
centre  of  the  opening.  The  products  of  combustion  pass  from  the  fire- 
box through  a  number  of  small  ports  into  the  chamber  above, 
after  passing  over  and  through  the  wood,  are  conducted  out  throu|li 
similar  ports.  Thence  the  gases  can  be  directed  into  the  firebox  of 
the  adjoining  chamber,  thruugli  a  water  vaive,  or  into  the  floe,  which 
runs  the  entire  lengtli  of  tlie  bottom  of  the  kiln  to  the  auction  fan.  Ai 
Domnarfvet  one  suction  fan  or  exhauster  produces  the  draft  necMsuj. 
The  wood  is  subjected  to  preliminary  heating  during  six  days,  to  drying 
and  preliminary  charring  during  five  days,  and  to  the  fioitl  ehatriag 
process  during  five  days ;  while  the  quenching,  discharging, 
charging  occupy  four  days,  making  a  total  of  twenty  days.  In  i 
single  kiln,  having  eight  chambers,  the  amount  of  wood  contained  ii 
146  chambers,  or  891,860  cubic  feet  (loose  measure),  waa  charr«d  a 
one  year,  producing  617,126  cubic  feet  of  charcoal.  The  cliarcoil 
produced,  as  compared  with  the  wood  charred,  amounts  to  TS:K 
per  cent,  by  volume.  This  includes  not  only  the  wood  placed  in  lAt 
chambers,  but  also  that  which  is  consumed  in  the  fireboxes  at  fncL 
In  meilcrs  tlie  yield  is  under  60  per  cenL,  and  all  the  by-prodocu 
are  lost. 

A  cubic  metre  of  wood  as  charged  into  tlie  kiln  averages  267^ 
kilogrammes  of  wood  substance,  186*49  of  water,  and  1-67  of  ash.  Tb 
yield  in  kilogrammes  is  as  follows: — 

Cl-.rco.l.  T«^,i         A^ti,A,ij.         Methyl  T^,^^ 


besides  a  large  volume  of  non-con de us ible  gas,  containing  40'34  kilo- 
grammes of  carbon. 
The  author  also  deals  with  the  thermal  equations  of  the  open- 
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raiioot  calorimeters  and  pjrometen,  indading  the  latest  ^pei|  ire 
fally  described.  Fiftj  pages  are  deroted  to  aoeounts  of  tiie  Tizion 
kinds  of  faeU,  statistics  of  production  being  appended.  Under  rhtt 
head  of  coal,  the  subject  of  coal-washing  is  gone  into.  It  is  obfioiulj 
desirable  that  the  metallargist  should  not  neglect  this  branch  of  the 
subject.  The  description  is  elucidated  by  drawings  of  the  Liihrig 
jigging  machine,  of  the  Schuchtermann  and  Kremer  coal- washer,  sad 
of  the  Couffitihal  patent  fuel  press.  The  bulk  of  the  descriptiTe  sec- 
tion is  devoted  to  coke.  The  coke-orens  described  are  classified  into 
those  with  intermittent  working  and  those  with  continaoos  working 
(Liirmann).  The  latter  type  has  fallen  into  disuse.  The  former  nuj 
be  with  one  chamber  (beehive  coke-ovens  of  various  kinds)  or  with 
two.  In  the  latter  case  the  cooking-chamber  maj  be  vertical  (Appolt, 
Bauer,  Collin,  Kleist),  inclined  (Dubochet),  or  horizontaL  The  ovens 
with  horizontal  chambers  are  further  subdivided  into  those  with 
vertical  flues  (Francois,  Copp^e,  Hoffmann,  Otto),  and  those  with  hori- 
zontal flues  (Haldy,  Kiiab,  Carves,  Hiissener,  Semet-SolVay,  Festner- 
Hoffmann).  Most  of  these  ovens  are  described  and  illustrated.  The 
second  section  of  the  volume  deals  with  the  manner  in  which  heat  ii 
transmitted,  with  furnaces  generally,  and  with  refractory  building 
materials. 

An  illustration  is  given  *  of  the  Chinese  coke-ovens  at  Tong-Shan. 

Coke-Ovens  in  Gtermany. — F.  Simmersbach  t  observes  that  during 
the  past  eight  years  the  production  of  coke  in  Germany  has  increased 
by  more  than  3^  million  tons,  or  55  per  cent.,  as  the  following  taUe 
shows : — 


Difitrict. 


Ruhr 

Upjjer  SilcRia 

Lower  SileMia  . 

Saar 

Aix-lH-('haj)olle 

Obernkirch«Mi 

Shxou)'    . 


Production  in 


1S90. 


Metric  Tom. 

4.187,780 

1,0(>5.335 

254.178 

557,853 

246,923 

23,888 

76,063 


Totttl8 


6,411,520 


1S97. 


Metric  Tonit. 

6,871.557 

1,399,337 

424,885 

820,785 

336,726 

30,500 

77.600 

9,960.740 


•  Engineering^  vol.  Ixv.  p.  586. 
t  SUUd  und  Eisen,  vol.  xviiL  pp.  641-647,  with  iUoitrationf  and 
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be  equal  to  some  19*37  per  cent,  of  the  total  quanti^  diarged  into  tbe 
cokff-ovens. 

The  modem  form  of  the  Otto  oven  is  the  one  that  has  shown  ike 
maximam  annual  yield — 1450  tons.  The  anthor  tnu:es  the  Tariattoni 
which  have  taken  place  in  the  Otto  oven  since  it  was  oiiginallj  de> 
signed.  In  the  most  modem  foma  the  r^enerator  chambers  are  absn- 
doned,  and  gas-firing  under  the  oven  is  introduced  in  their  stead.  Thk 
has  resulted  in  a  considerable  simplification  of  the  oven  oonstmetioo. 
A  series  of  large  Bunsen  burners  are  used,  and  the  temperature  above 
these  varies  between  1350**  and  1400"*  C.  This  oven  takes  a  7-ton 
charge  of  damp  coal,  and  yields  5  tons  of  coke  a  day,  or  some  1462 
tons  in  the  working  year.  In  the  old  48-hour  coke-oven  aboat  4|  tons 
yield  was  calculated  for  the  6-ton  charge,  or  900  tons  a  year.  Com- 
paring these  ovens  with  those  of  the  beehive  type,  the  author  shows 
how  greatly  they  excel  them  as  regards  output.  One-half  the  total 
output  of  coke  in  the  Ruhr  district  now  results  from  ovens  provided 
with  plant  for  the  collection  of  the  by-products. 

The  charging  of  coke-ovens  in  Germany  is  done  almost  entirely  bj 
hand,  and  through  three  charging  openings  in  the  furnace  roof.  At- 
tempts have,  however,  been  made  to  replace  this  hand  laboor  by 
mechanical  appliances,  and  at  tlie  same  time  to  subject  the  coal  to 
compression,  which  the  author  briefly  considers.  He  then  passes  to  a 
more  detailed  consideration  of  the  question  of  the  condensation  of  tbe 
by-products. 

Of  the  new  form  of  Otto  coke-oven  to  which  the  author  has  drawn 
attention,  422  were  in  use  in  1897,  and  another  180  were  to  be  in  use 
in  the  ])re8ent  year.  A  battery  of  50  of  these  ovens  is  also  stated  to 
have  recently  been  put  into  work  at  Middlesbrough. 

Coke-ovens  and  by-products  in  Germany  are  dealt  with  in  a  Foreign 
Oflice  report  by  Kurt  Seebohm.  The  various  forms  of  ovens  are  re- 
ferred to,  and  prices  are  given  in  some  detail. 

Beehive  Ovens. — F.  C.  Keighley  ♦  discusses  the  most  advantageous 
arrangements  for  beehive  coke-oven  plant.  It  is  held  that  300  ovens 
are  the  best  number  to  be  worked  in  one  plant,  and  that  they  should 
be  12  feet  in  diameter.  The  situation  of  the  plant  and  the  arrange- 
ment of  the  banks  are  discussed,  and  it  is  recommended  that  they 
should  not  be  built  too  close  together,  but  should  be  separated  by 
inoculating  material,  not  tamped  in.     General  details  are  given,  together 

*  American  Manufacturer^  vol.  Ixiii.  pp.  481,  516,  &c 
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The  cokiDg  coaU  oT  Weatera  G«rmkiir  eoatsia  ftboat  1  "5  per  chl 

of  total  nitrogen.  Of  ibi*  thoui  17  to  30  per  cent,  ia  v^atDe.  The 
mnuniler,  or  ftbove  I  per  cenL  a»  »  mle,  rematu  ia  the  cokci  0(tk 
Tolatile  nitrogen  scarcely  the  half  is  eaUected  bj  (Iw  foraut  of  e»- 
deniing  |>liint  now  in  use.  Tiie  aathor  lliinks  it  probable  thM  it 
would  be  possible  to  still  further  increaae  the  peroeBUgs  coltedid, 
especiklly  bjr  the  ns«  of  wry  nirroir  coke-orens,  mnd  short  petioiii  U 
caking.  Coke,  the  author  ailda,  which  haa  been  produced  to  eras 
from  which  the  by-producls  are  -collected,  yields  on  the  arerxge  sbont 
7  lOU  calories. 

R.  Terhaerst  *  considers  the  question  of  the  bj-prodncts  obtainable 
in  ihe  conversion  of  coal  into  coke.  Amongst  these  is  ao  imporiaai 
excew  of  ^  over  the  qaaiitiiy  actuuUy  required  for  the  coking  promi 
iUeir.  Thus  in  the  case  of  a  coke-oven  plant  io  •Westphalia,  60  oreu 
yield  daily  an  available  excesa  of  gas  amounting  to  847,600  cubic  fcn. 
On  the  flssumptioii  that  1000  cubic  metres  (3532  cubic  feet)  of  gut< 
equal  to  0'0875  ton  of  ciial,  tliJs  excess  of  gas  is  equal  to  a  daily 
quftuUty  of  21  tons  of  coal.  The  gas  is  used  under  boilers,  but  il 
may  also  be  used  for  illumiuating  purposes.  Its  illuminating  pnw«T 
may  be  increased  by  the  aid  of  the  benzol  also  resulting  from  the 
distillation  of  tiie  coal.  The  author  calculates  that  this  excess  ps 
from  a  battery  of  GO  coke-ovens  would  supply  with  gas  a  town  having 
a  population  of  84,000.  He  then  proceeds  to  deal  with  the  question 
of  the  selection  of  tlie  type  of  owen  to  be  adopted.  The  way  in  which 
the  process  is  carried  out  in  the  oven  not  only  nffects  the  character  of 
the  coke  but  also  that  of  the  hy-prodncts.  When  the  distillation  U 
rapid  and  the  temperature  high,  quite  different  compounds  form  to 
those  which  are  produced  with  alow  diatillation  and  a  low  temjwraturB, 
The  tar  formed  at  low  temperatures  is,  for  instance,  of  a  much  lowet 
specific  gravity  than  that  formed  at  high  temperatures.  The  latter 
contains  much  benzol,  toluol,  and  naphthalene,  but  the  other  is  chiefly 
composed  of  volatile  hydrocarbons.  An  increase  of  temperature  in  the 
oven  is  therefore  au  advantage  in  the  case  of  those  works  that  obtain 
the  benzene  by  diatillation  of  t>he  tar,  and  not  hy  washing  the  gasM 
evolved  with  tar  oila  and  then  distilling  these.  This  latter  ia  by  f»r 
the  host  method,  and  if  it  is  to  be  perform>^d,  a  slow  distillation  in 
the  cuke-oven  is  distinctly  desirable.  Tlie  author  considers,  however, 
thiit  48  hours  should  not  be  ex-ceeded  in  the  case  of  ovens  of  normal 
dimension  a. 


•  Stahl  H„d  HU' 


in.  pp.  747-760. 


THE  IROK  AKD  STKEL  INDOSTROS. 

DeftliDg  with  the  coUeciJou  of  the  by-prodacU,  be  sUtM  ihU  thm  ptei 
are  first  pused  through  settlers,  to  allow  solid  coal  putiel«s  to  ■epanlc 
These  are  large  cylinders,  often  provided  with  iDt«m«l  projecting 
plates  to  usist  in  the  separation  of  the  dust.  The  gases  are  airati^ 
cooled  in  these,  their  temperature  wheo  leaving  them  betog  Mm 
100*  C.  lower  thiin  it  was  when  they  left  the  coke^ven.  This  resulb 
iu  the  condeDsaiion  of  a  considerable  portion  of  the  tar.  Mot&iore,  100 
condenses,  and  this  absorbs  a  large  portion  of  the  amroonia  in  tb 
gases.  After  leaving  these  setllera  the  gases  pass  to  the  vrBtcr-cuolei 
condensing  plant  proper.  This  consists  of  inclined  boxes,  usually  a 
rectangular  shape,  provided  both  above  nnd  1>elow  with  so-called  Ma 
bottoms.  These  are  connected  with  each  other  by  a  number  4 
wroiight-iron  pipes  throagU  which  water  is  caused  to  flow.  Iu  tbaa 
boxes  a  further  portion  of  the  tar  and  ammonia  water  condenses,  aid 
their  temperature  ia  reduced  from  about  80°  C.  to  about  20°  ' 
next  pass  to  rectangular  cast-iron  boxes  in  which  the  gases  are  parsed 
into  water  through  a  number  of  pipes.  Diluted  ammonia  water  iij 
used  for  this  purpose,  and  it  gradually  becomes  enriched,  Thh 
ammonia  water  is  caused  to  flow  in  above  as  it  is  drawn  away  belov, 
so  that  the  gns  entrance  pipes  are  always  covered  to  the  same  heisifal 
by  water.  Behind  these  boxes  are  exhausters  which  force  the  gaae« 
forwards.  By  friction  and  compression  they  increase  the  temperatun 
of  the  gases  by  some  8°  C,  and  they  are  therefore  first  passed  llirongk 
another  water-cooler,  which  again  reduces  the  temperature 
20°  C.  The  gas  is  then  forced  into  a  series  of  bell-sbajicd  receptacle^ 
and  brought  as  intimately  as  possible  into  contact  with  water,  M' 
collect  the  remaining  ammonia  contents.  From  these  they  pass  to 
similar  receptacles  in  which,  however,  they  are  washed  not  with  wal« 
but  with  "  tar  oil"  (creosote  oil).  This  collects  the  benEene,  which  u 
subsequently  obtained  from  it  by  fractional  distillation.  The  gases  aM 
subsequently  stored  and  used  for  heating  purposes. 

Tar  and  benzene  are  sold  as  raw  products,  the  latter  having  a  specafil 
gravity  of  0'87,  and  being  from  !)2  to  94  per  cent.  pure.  The  ammonu 
water,  on  the  other  hand,  is  converted  into  ammonium  sulphate.  Tbl 
a  water  usually  contains  1  '2  per  cent.  NHg.  It  is  brought  inM 
intimate  contact  with  steam  which  drives  out  the  ammonia.  Thii 
amraoniacul  steam  is  then  passed  into  sulphuric  acid  of  43°  R  Th| 
ammonium  sulphate  crystallises  out  and  is  sold  as  manure,  and  g 
anteed  as  a  rule  to  contain  24-5  per  cent.  NH^. 

The  Neinhaus  oven  is  of  the  ordinary  horizontal  type,  but  to  a' 
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coke  is  usually  produced  in  24  hours,  but  might  be  made  in  20. 
These  ovens  work  hotter  than  the  others.  In  the  case  of  the  vertical 
ovens  the  coking  process  lasts  from  24  to  48  hours.  These  two  types 
of  oven,  while  differing  in  important  matters  from  other  types  of  coke- 
oven,  yet  differ  among  themselves  only  in  the  construction  of  the  side 
channels.  The  oven  is  so  arranged  that  the  by-products  may  either 
be  collected  or  not  collected  as  may  be  desired,  and  burners  are  alio 
placed  in  the  oven  with  a  view  to  produce  a  homogeneous  prodact. 
The  author  first  describes  the  oven  with  vertical  side  channels  by  the 
aid  of  illustrations,  and  then  passes  to  a  description  of  the  oven  with 
horizontal  channels.  In  the  ovens  with  vertical  gas  channels  the  coke 
is  produced  at  the  rate  of  about  3  tons  in  the  24  hours'  firing.  In  the 
case  of  a  battery  of  50  horizontal  gas-channeled  ovens  the  year's  balance- 
sheet  is  about  as  follows  in  the  case  of  a  German  plant : — 


Coal  coked   . 

Products : — 

Ammonium  sulphate 


Tar 

Benzene 

Coke 


Tons. 

1,200 

3,300 

550 

77,000 


100,000  tons. 

Value.  Florins. 

122,400 

39,600 

158,400 

739,200 


The  total  value  of  the  products  thus  amounts  to  1,059,600  florins,  or 
£88,300.  The  cost  of  production,  on  the  other  hand,  amounts  to 
473,179  florins,  or  £39,432  :— 


Tons. 

Value,  Floriua. 

Coal       ..... 

110,000 

330,000 

Sulphuric  ucid 

1,000 

21,600 

Oil  for  benzene  absorption    . 

48 

2,419 

Steuni  and  water  . 

7,200 

Lubiioators   .... 

1,200 

Wages*,  taxes,  &c. 

72,000 

KepairM          .... 

1,200 

In  ilie  ciisi'.  of  the  Victor  works  at  Rauxel,  in  Westphalia,  the  follow- 
ing results  were  obtained.     The  coal  coked  contained — 


Carbon. 

soia 


Ash. 
604 


Moisture, 
1010 


and  the  coke  produced — 


Ash. 
7-45 


Moisture. 
2*5  to  3-0 


It  was  hard,  compact,  and  silver  grey  in  colour.  The  charge  coked 
weighed  from  6*23  to  0*G  tons,  and  this  was  coked  in  33  hours  with  a 
yield  of  79*5  per  cent.     The  tar  collected  amounted  to  1*65  per  centw, 
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G.  T.  Holloway*  gires  an  accoant  of  the  petroleam  hidiutiy, 
describing  generally  the  occurrence,  composition,  prodaction,  ind 
treatment  of  the  oil  in  America  and  Russia. 

Petroleam  in  Oalicia. — An  exhaustive  memoir  on  the  oil  mdustry 
of  Galicia  has  been  published.!  The  latest  statistics  show  that  there 
were  706  oil  shafts  and  1895  boreholes.  The  oil  is  raiseil  by  200  hind- 
pumps  and  117  steam-pumps.  For  fuel  Silesian  coal  is  used,  ind 
here  and  there  natural  gas.  The  deepest  borehole  is  2310  feet.  The 
Canadian  system  of  boring  is  that  usually  employed. 

H.  Arch  I  describes  the  occurrences  of  ozokerite  in  Galicia. 

Petroleum  in  Croatia.  —  C.  von  John§  has  analysed  crude 
petroleum  from  a  trial  shaft  10  yards  deep  at  Lepavina,  Croatia.  The 
oil  is  of  a  greenish  black  colour,  and  has  a  specific  gravity  of  0'845. 
Submitted  to  dry  distillation,  there  was  obtaine<l — 


Per  Cent, 

Speeifie  Gravitj. 

Benzol  at  100*  C 

2-45 

0770 

Light  oiU  at  100*-150"      .        .        .        . 

7-93 

0790 

Illuminating  oils  at  150''-200° 

10-35 

omr 

Illuminating  oiU  at  200*'-250** 

1076 

0-830 

Illuminating  oili  at  250^-300'  . 

28-33 

0-851 

Heavy  oils  above  300* 

33-35 

0-867 

Petroleam  rubber     .... 

1-85 

Coke  residue 

3-80 

Gases  and  loss 

1-18 

Total 

100-00 

The  illuminating  oils  amounted  to  49*44  per  cent. 

Petroleum  in  Hungary. — C.  von  John  ||  has  analysed  crude  petro- 
leum from  a  borehole  at  Koros-Mezo,  Hungary.  The  oil  is  of  a  dark 
brown  colour,  and  has  a  specific  gravity  of  0-786.  On  dry  distillation 
it  yielded — 


Benzol  at  100''  C 

Light  oiU  at  100''-150''      . 
Illuininatiug  oiU  at  150°-200'' 
lUuiiiinating  oils  at  200"-2o0'' 
Illuminating  oilH  at  250"-:«)0" 
Heavy  oils  at  300°-a50° 
Heavy  oils  rich  in  paraffin  above  350° 
Petroleum  rubber    .... 
C/OKe         ....•• 
Gases  and  loss  .... 


Per  Cent. 

13-85 

20-90 

12-85 

lH-54 

22-31 

6-13 

8-00 

0-05 

0-87 

1-50 


Specific  Gravity. 
0717 
0743 
0765 
0  783 
0-824 
0-856 
0-862 


*  KnowUd^Cf  vol.  xxi.  pp.  125,  151,  169. 

t  Chtmikcr  Zeitung,  vol.  xxii.  pp.  512-513. 

X  AUgemeine  Getter reichische  Chemiker-  und  Techniker  Zeitung,  1898,  p.  5. 

§  Jahrbuch  der  k.k.  geologischen  ReUhsantiaU^  vol.  xlvii.  p.  763. 

II  Ibid,,  vol.  xlvii.  p.  764.. 
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accurately  fix  the  position  of  a  sabterranean  reaenroir  of  petrolemiL 
The  strike  of  the  oU-bearing  strata  is  irregnlaTy  and  the  dip  Tiziabk, 
while  intervals  exist  where  the  sand  is  barren  of  oil.  In  many  casei 
the  accuraulation  of  bitumen  has  been  caused  by  the  bitumen  dnioing 
from  higher  to  lower  levels. 


Petroleum  in  Indiana.— W.  S.  BUtchley,*  State  Geologist  of 
Indiana,  has  issued  his  report  (occupying  1197  pages)  on  the  wotk 
accomplished  by  the  department  of  geology  and  natural  reeoorees 
during  the  year  1897.  A  large  proportion  of  the  energies  of  the 
department  were  employed  during  that  year  in  collecting  data  for  a 
detailed  report  on  the  coal  area  of  the  State,  shortly  to  be  published. 
The  present  report  includes  papers  of  economic  importance  relating 
to  petroleum,  stone  and  clay  resources  of  the  State,  the  reports  of  the 
chiefs  of  the  divisions  pertaining  to  mines,  natural  gas,  and  illuminatiDg 
oils. 

Petroleiun  in  Ohio.  —  An  important  discovery  of  petroleum  is 
announced,  t  At  New  Waterford,  Ohio,  two  prolific  wells  have  been 
found.     New  Waterford  is  56  miles  from  Pittsburg. 

Petroleum  in  Texas. — T.  D.  Miller  J  describes  the  recently  de- 
veloped oil -field  of  Texas,  at  Corsicana.  Oil  was  here  struck  in  1894 
at  a  depth  of  1027  feet.  Other  wells  encountered  the  oil  stratum  at 
about  the  same  depth.  The  layer  seems  to  dip  to  the  south-east  about 
1  in  100.  At  the  present  time  there  are  about  a  hundred  producing 
wells.  The  yield  in  the  wells  is  intermittent,  and  appears  to  have  a 
regular  diurnal  variation.  The  oil  is  dark  brown  and  opaque;  it  has 
a  specific  gravity  of  0*8292  at  60**  F.  The  results  of  fractional  dis- 
tillation are  given. 

Petroleum  in  Persia. — According  to  R.  Helmhacker§  petroleum  is 
found  in  the  tertiary  deposits  on  tlie  south-west  border  of  the  Persian 
highlands.  It  is  ai)j)arently  abundant  in  the  section  bordering  on  the 
Persian  Gulf.  Along  the  Gulf  shore  there  are  oil  springs  which  were 
known  at  a  very  early  date,  and  were  described  by  Strabo  in  the 
econd  century.     Oil  springs  are  also  found  in  the  Bakhari  Range  in 

*  Nature,  vol.  Iviii.  p.  629. 

t  Age  of  Steel,  vol.  Ixxriv.,  No  1,  p.  18. 

X  Enf/incering  and  Mining  Journal,  vol.  Ixv.  pp.  734-786. 

§  Ibid.,  vol.  IxvL  p.  39. 
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seams  from  1  to  2  feet  in  thickness,  which  is  termed  '^numjsf  It 
possesses  a  black  lustrous  appearance,  and  is  found  at  shallow  depdv 
or  even  at  the  surface.  It  is  thought  to  be  a  kind  of  solidified  petro- 
leum, as  the  latter  frequently  occurs  with  it  The  better  varietieB  of 
this  mineral  contain — 

Fixed  Carbon.        Volatile  Matter.  Water.  Ash. 

2697  70-85  2*00  O'lS 

It  therefore  is  much  more  bituminous  than  the  Trinidad  mineral,  idiich 
contains  from  21  to  30  per  cent,  of  water  and  38  per  cent,  of  ash.  It 
possesses  strong  insulating  properties,  and  might  perhaps  replace  gutta- 
percha in  electric  work.* 

Petroleum  Vapour  Burners. — J.  S.  V.  Bickford  t  gives  the  resulu 

of  his  experiments  on  the  use  and  production  of  petroleum  vapour,  and 
describes  various  forms  of  plain  jets,  blowpipe  and  Bunsen  burners, 
with  the  difficulties  that  occur  in  getting  the  vapour  to  bum. 

Origin  of  Petroleum. — S.  F.  Emmons  I  considers  that  the  geologi- 
cal structure  of  the  petroleum  deposits  at  Baku  and  the  conditions  of 
flow  seem  to  fit  the  anticlinal  theory  expounded  K>r  the  American  oil- 
fields by  Professor  Orton.  In  reference  to  the  origin  of  the  petroleum, 
he  points  out  that  the  Caspian  Sea  is  extremely  rich  in  fish.  Shoals 
make  their  way  into  the  Karabagas  Gulf,  and  as  the  strong  salt  solution 
acts  on  them  as  a  poison,  they  die  and  are  washed  out  on  the  shores  in 
immense  numbers.  Birds  eat  out  the  eyes  and  entrails,  but  do  not 
touch  the  flesh,  which,  being  thoroughly  salted,  is  preserved  from 
decay,  and  serves  as  food  for  the  neighbouring  Turkoman  tribes.  It 
is  easy  to  conceive  how  such  masses  of  organic  matter,  buried  by  sand 
and  mud,  and  finally  forming  part  of  a  sedimentary  formation,  might, 
after  the  necessary  chemical  changes  had  taken  place,  form  an  impor- 
tant source  of  petroleum. 

0.  Laiig§  discusses  the  origin  and  chemical  constitution  of  petro- 
leum, with  special  reference  to  the  theories  propounded  in  America  by 
S.  P.  Sadtler,  by  S.  F.  Peckham,  by  D.  T.  Day,  by  F.  C.  Phillips,  and 
by  C.  F.  Maybery. 

•  Odilie  CivU,  vol.  xxxii.  p.  370;  Oesta'rtichiMche  Zeitichrift  fUr  Brrth  und  HHUen- 
icescrij  vol   xlvi.  p.  41.S. 
t  Erv/inecr,  vol.  Ixxxvi.  pp.  49-50. 

X  Tramaciiona  of  the  American  TnntUuU  of  Mining  Enpinerrx,  1898  (iidvaaee  i»r«of)- 
§  Oluckauff  vol.  xxxiv.  pp.  533-535. 
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J.  T.  Hewitt  **  also  describes  the  occurrence  of  natural  gu  al  HeiA- 
field  statioa  Owing  to  the  courtesy  of  R.  J.  Billinton,  iocomowi 
snperinteadent  of  the  London,  Brighton,  and  Soath  Coast  Railway,  bt 
was  enabled  to  take  a  sample  of  the  gas,  which  he  analysed  with  iht 
following  results : — 

Per  Cent  I 

Uuihgu yiil 

H3rdrogeo T2 

Nitrogia 0-9 

Oxygen,  carbonic  aohydride,  carbonic  oxide,  olefines,  and  hydroearbwi 
vapours  were  found  to  be  absent.  The  author  also  analysed  a  iped- 
inen  of  the  shale  encountered  at  a  depth  of  300  feet. 

Use  of  Natural  Gas. — J.  J.  Flatbert  describes  a  plant  recentlj 
iustailetl  in  Lafayette,  ludiana,  in  which  natural  gas  is  usad  in  gu 
engines  for  driving  dynamos  for  light  and  power  purposes.  Two  125 
horse-power  engines,  driving  two  60-kilowatt  two-phase  geueraton, 
are  running,  and  a  third  is  to  be  buiit. 


YU.— ARTIFICIAL  GAS. 

Gas-Prodacers. — A.  Saiiler,|  in  discussing  gas-producers,  observes 
that  blast-furnaces,  coke-ovens,  &c.,  are  also  gas-prodacers,  but  with 
them  he  does  not  deal.  The  chief  objection  to  direct-firing  on  gratet 
lies  in  the  excess  of  air  employed,  the  loss  in  cinder  formed,  and  the 
impossibility  of  attaining  iu  this  way,  especially  with  poor  fuels,  itif 
higli  temperatures  required  for  many  metallurgical  proct^sses.  To 
avoid  these  difficulties  gas-firing  lias  replaced  the  older  mrthod  in 
many  instances  ;  but  in  so  replacing  it  many  of  the  advantages  of  the 
older  method  were  lost,  ami  it  is  the  aim  of  modern  improvemeuts  iu 
producer  designs  to  regain  these  advanta^res  of  the  direct- firiii g  |>ro- 
cess  and  yet  avoid  its  disadvantages.  The  older  forms  of  producer 
were  by  no  means  satistactory.  The  use  of  compressed  air  below  tht 
fire-bars  was  gradually  introduced,  and  an  important  step  in  advance 
was  made  in  Austria  in  1878  by  the  introduction  of  high  producH 
shafts  and  high  pressure  blast  below  the  grate.      Before  the  intra- 

*  Quarlerjg  Journal  of  the  Ocolofrical  Soeietn,  toI.  lit.  pp.  5T2-fi74. 

t  Amcrifin  Klnlricion,  June  1888. 

X  ZfilKhrift  de»  Oaterrtkhitchen  InQenitur-  tind  Arehiidlteii-VtrtHitt,  nL  I  tf 
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substance,  and  if  placed  in  an  apparatus  so  arranged  that  a  large 
surface  of  the  gasolene  is  exposed  to  the  action  of  a  current  of  air,  this 
latter  becomes  saturated  with  gasolene,  and  "air-gas"  is  the  result 
This  is  a  powerful  illuminant.  The  author  describes  and  illustnteg 
one  such  apparatus.  He  then  proceeds  to  consider  the  character  of 
the  gas  produced,  and  gives  comparative  experimental  results  to 
show  its  properties.  A  mixture  of  gasolene  vapours  and  air  is  only 
of  an  explosive  character  when  the  two  are  present  within  certain 
definite  ratios,  but  these  proportions  are  never  found  in  air-gas 
produced  in  the  ordinary  way.  These  limits  closely  approach  those 
that  exist  in  the  case  of  ordinary  coal-gas  and  air  mixtures.  Gasolene 
air-gas  contains  no  carbon  monoxide,  carbon  dioxide,  or  ammonia, 
except  such  as  were  present  in  the  air  used,  and  sulphur  only  occurs  in 
traces.  Consequently  the  gas  does  not  damage  pictures,  &c  The  use 
of  this  gas  for  laboratory  purposes  is  specially  referred  to  by  the  author, 
both  as  an  illuminant  and  as  a  source  of  heat.  He  used  it  with  much 
success  for  fusion  purposes  in  assay  crucibles. 


Yllh— COAL-MINING, 

Deep  Boring. — F.  H.  Davis*  describes  the  Davis-Calyx  drill,  of 
which  the  special  points  are  the  form  of  the  teeth  in  the  steel-cutter 
crown  and  the  sediment  tube  on  the  rods. 

A  description  is  published  t  of  the  removal  of  broken  portions  of  a 
drill  from  a  borehole  about  930  feet  in  depth,  near  Ostroppa,  in  the 
Gleiwitz  district  of  Austria-Hungary.  A  variety  of  unsuccessful  efforts 
had  been  made  to  withdraw  the  broken  fragments,  but  success  at  last 
resulted  when  an  electro  bar  magnet  was  improvised,  lowered  into  the 
borehole,  and  the  fragments  removed  by  its  aid  in  a  single  day; 
whereas  the  previous  efforts  had  been  continued  for  three  weeb 
before  being  abandoned.  The  magnet  had  a  lifting  power  of  about 
1  cwt. 

A.  Fauck  X  describes  a  percussion  drill  which  enables  cores  to  be 
obtained  in  the  same  way  as  when  a  diamond  drill  is  used. 

*  Transactions  of  the  histitution  of  Mining  Engineers^  voL  xv.  pp.  363-377. 

t  Oesterreichiscke  Ztitschrift  fiir  Berg-  und  HiUtenwtten,  vol.  xlvi.  p.  250. 

X  Paper  read  before  the  Austrian  Aaaociation  of  Engineers  and  Architeetfl ;  OetUt' 
reiehische  ZeiUchrift  filr  Berg-  und  Hilttenwesen,  vol.  xlvi.  ;  Vereim-MiUhiUunoeit, 
pp.  44-45,  wiih  three  illuutrationg. 
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W.  D.  Wight  *  gives  the  fallowing  particulars  of  rapid  work  in 
winding  coal.  The  colliery  iu  Soutli  Wales  which  raised  the  Itrgnt 
quantity  of  coal  in  one  year  from  one  shaft  with  one  engine  w»s  Uu 
Albion  Colliery,  with  551,000  tons.  The  Silkaworth  Colliery,  countj 
Durham,  raised  in  its  best  year  535,000  tons  from  about  580  janb, 
with  two  engines  winding  out  of  the  same  shaft,  but  the  Albion  b«l 
that  record  with  a  single  engine.  Last  year,  at  the  Bolsover  Collier; 
in  Derbyshire,  598,798  tons  of  coal  were  raised  in  379  working  *!»»* 
from  a  pit  365  yards  deep.  This  beats  anything  in  South  Walw,  bui 
at  Denaby  Main  Colliery  there  were  no  fewer  than  629,947  tons  of  ciol 
raised  in  281  working  days  last  year,  the  largest  quantity  per  day  bein; 
2673  tons.  As  collieries  get  deeper  the  difEculties  iccreaae,  and  in  ihe 
future  recourse  must  lie  had  to  other  metliods  of  raising  coal ;  a  tyst^m 
of  endless  winding  at  slow  speed  may  be  adopted.  In  Lancashire  four 
collieries  have  been  fitted  on  this  principle.  An  estimate  is  then  gi"D 
for  a  colliery  600  yards  deep  raising  200  trams  hourly,  at  a  rope  speed 
of  3  feet  per  second, 

E.  Tumson  t  describes  the  pit-head  pulleys  adopted  at  the  Preusseo 
No.  3  Shaft  of  the  Harpen  Colliery  Company,  near  Dortmund.  Tliwe 
pulleys  are  of  the  Bascoup  type,  and  have  eighteen  arms  supporting  a 
wrought  iron  rim.  Four  of  these  pulleys  are  arranged  in  the  head- 
gear with  their  bearings  out  of  line,  as  they  are  only  3  feet  apart. 

W.  Saint  J  describes  a  new  device  that  has  been  designed  for  u»  in 
mid-shaft  when  it  is  necessary  to  use  a  cage  balance  for  decking  pur- 
poses, so  that  the  pasi^age  of  air  is  not  impeded.  It  was  devised  by  J. 
Tinslr-y,  of  Ashton  Moss  Colliery,  where  the  invention  has  work^^d 
very  satisfactorilj'.  It  consists  of  two  carriage  frames  lying  horiaimully 
within  the  pit  shaft,  for  receiving  the  dfSCf nding  cage  loaded  wiib  lavn, 
empty  corves,  &<:.,  and  the  nmchinery  requisite  for  operating  theiu. 
The  iranips  are  arrunjifd  ho  that  whrii  out-  in  liiwercd  for  decking  pur- 
poses the  other  ascends  in  readiness  to  do  similar  work. 

Illustrations  have  apiieHred§  of  a,  self-emptying  cage  with  a  tippiuE 
hopper  biittora,  large  enougli  to  hold  two  tubs  of  coaL 

Experiments  iiave  recently  been  made  by  Sciiale  ||  at  several  Pnia>tiii 
collieries  with  speaking-tubes  for  signalling  purposes. 

*  frocreditv  "f  tht  So'ilh  ICoIri  ImlUtilt  of  Enpinferi,  rol.  iii.  pp.  SS-38. 
f  Rrrat  Univtrtellt  del  .Vina,  vol.  uli.  p|>.  137-220,  337-287- 
;  Trantuclinm  vftht  Majuihttttr  OoilogirtU  Satirtf,  foX.  u».  pp.  577-580. 
%  /ran  ani/  CW  Tnairi'  Reeiiw.  »,.l.  l»i.  p.  B34. 

|[  ZtlUchHft  fttr  ilav-  Hutttm-  und  Salineaiottm  in  pmuturkirn  dbulr,  vdL  ll'. 
pp.  271-276. 


432  THE  IRON  AND  3TEKL  IND08TR1K6. 

positjon  are  giveu,  and  alao  the  tetn[i«Tature  of  the  rock  Htid  the  <bily 
variations  in  the  Beudigo  mines. 

TJnctergroimd    Haulage. — Pkns    and    elevations    or   some  ]htp 

iiauling  eiigmes  erected  at  two  Welali  collieries  have  reoentljr  bern 
published.*  Tlie  cjtiiidera  are  22  inches  in  diameter,  and  have  i 
3  feet  6  inch  stroke.  The  valve  mechanii^m  is  the  siuiple  slide  valTr 
The  spur  gearing  is  made  of  Wugbeued  cast  stecrl,  iu  halves,  aoil  n 
fitted  together,  bored,  and  keyed  with  two  stoel  keys  on  the  ttuix. 
The  teeth  are  double  belical,  with  a  ratio  of  wheels  of  2^  to  I. 
The  drum  shaft  is  steel,  12  inches  dioineter,  and  earriee  i«ro  lirami 
6  feet  dtameLer  by  3  feet  wide  between  flanges,  and  15  incliea  deep. 
The  clutches  are  of  cast  steel.  The  piston-rods,  cross-bead  cap  and 
gudgeon,  connecting- rods,  link  motion  eccentric  rods,  and  cnnk-pint 
are  of  forged  steel.  The  craak-shaft  is  steel,  9  inches  diameter  in  the 
body  and  9 J  inclies  in  the  pinioo.  The  guide  bars  are  cast  iron;  the 
bottom  guide  bar  is  made  channel -sli aped  to  retain  the  oil-  The  bed- 
plate is  made  of  steel  in  box  form,  is  12|  inches  deep  by  11  inches 
wide  at  top  in  two  lengths.  The  front  erosj-girder  is  of  box  form,  12i 
inches  deep  by  13  incites  wi<le,  and  carries  the  front  end  of  the  engine- 
bed,  enabling  the  ropes  to  w.irk  uuderneath.  The  specificatiou  for  the 
drums  is  also  given.  The  engines  are  placed  on  the  surface  and  the 
ropes  carried  down  the  shaft. 

The  endless-rope  haulage  installation  at  the  Moncean  -  FenUtine 
collieries  is  described.t  The  rope  is  carried  over  the  tube,  and  is 
gripped  by  forks  on  them.  Sheaves  are  provided  with  star-like  flanges 
to  allow  the  forks  to  pass. 

Illustrations  have  appeared  }  uf  an  endiess-rope  haulage  pUut  at  tlie 
Grimberg  pit  of  the  Monopol  mines,  near  Cameu,  Ccrmany.  Tbe 
engines  and  plant  generally  are  described. 

C.  W.  Westgartli  §  deals  generally  with  ihe  subject  of  faauUf^ 
giving  special  attention  to  the  various  systems  of  endless-rope  haiiUg^ 

T.  E.  Forster  ||  and  F,  K,  Simpson  give  some  details  as  to  tbe  coat  of 
secondary  haulage  by  ponies  in  the  north  of  £[ig!and. 

At  the  Segen-Gottes  shaft  of  the  von  Burgker  works  in  Saxony  an 
endless  rope  has  replaced  the  Lorse  haulage  underground  that  wii 

*  Iron  anil  Coal  Tnida  Bfvieip,  vuL  IrL  (ip-  &14~itS. 

t  jtntuita  'Iti  Mina  dt  Ikliiiyvt,  voL  iii.  No.  3. 

t  atOehaii/,  Tfll.  iiiiT.  p|j.  «i«>-t!41. 

I  Pa(><T  reul  hafon  Uin  Briliib  Soaiet;  of  Milling  Stuilc 

A  I'mnraettoi'*  ftftht  rtutifuClini  o/  JVininp  Enjiinten,  i 
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has  been  used  in  Neunkirchen,  Silesia,  and  Westphalia  with  yery  satift' 
factory  results.* 

Exhaustive  experiments  have  been  carried  out  f  at  the  testing  gilleiy 
at  Gelsenkirchen,  under  the  charge  of  Heise,  on  the  possible  dangen 
due  to  the  use  of  electric  appliances  in  fiery  and  dusty  mines.  The 
general  conclusions  of  the  report  are  that  eletiric  apparatus  is  mk 
when  ordinary  precautions  are  employed  in  the  mine.  Many  tests  were 
made  with  incandescent  lamps,  which  sometimes  caiwed  an  explosion 
and  sometimes  did  not.  Apparently  a  current  not  exceeding  0*6  ampere 
and  150  volts  is  safe.  Switches,  cut-outs,  resistances,  fuses,  commutaton, 
&c.,  were  also  tested,  and  the  results  are  given. 

Mine  Timber. — H.  Louis  {  has  made  a  series  of  experiments  on  Une 

strength  of  pit-props,  and  gives  the  results  in  tabular  form«  The  miin 
conclusions  drawn  are  as  follows : — Of  the  soft  woods  generally  used, 
Baltic  white  wood,  red  wood,  and  larch  are  strongest^  having  a  strength 
equal  to  1  ^  ton  per  square  inch  of  area  of  the  small  end.  Strength  is 
independent  of  length  within  ordinary  limits.  Slow-grown  timber  is 
somewhat  preferable.  All  timber  should  be  seasoned.  Only  seasoned 
timber  should  be  treated,  and  should  be  seasoned  again  before  use. 
Crooked  props,  props  with  big  knots,  and,  above  all,  gouge-marked 
props  should  be  avoided ;  wind  shakes  are  of  less  importance.  A 
prop  that  has  been  drawn  is  decidedly  weaker  than  when  originally 
set. 

H.  W.  F.  Kay8er§  discusses  the  use  and  preservation  of  mining 
timber,  and  advocates  the  use  of  means  for  preventing  its  decay  and 
tor  fire  proofing  it. 

A  recently  published  pamphlet  on  the  mining  resources  of  Calaveras 
County  gives  some  tests  and  particulars  of  timber  grown  for  mining 
purposes  in  that  district.j| 

According  to  C.  DuLting,1I  pines  and  firs  have  been  used  of  late  with 

success  in  the  tnines  of  the  Saar  di>trict,  and  it  is  found  that  these 

stand  the  mine  atmospliere  better  than  ordinary  woods  of  other  kinds. 

The  oak  has  Ihm'ii  riiucli  ov«*rvalurd,  and  iii<ieed  it  has  proved  the  W^t 

sati>tactory  of  ail  woo. is  trie«l. 

*  Minintj  Journal,  vol.  Ixviii.  p.  ll(>(i. 

t  Gliirkaiif,  vol.  xxxiv.  pp.  .*?70-373. 

X  Trnnsacli<>ti9  of  the  InMUution  of  Alining  Engineers^  vol.  xv.  pp.  343-962. 

§  Transactions  of  thr  Australaxinn  InstititU  of  Mining  Enginecrt,  roL  v.  pp.  3-7. 

!•  Enijiivcrrinn  and  Jfi/Jiru;  Journal,  vol.  Ixv.  pp.  430-431. 

H  aiUckauf,  vol.  xxxiv.  pp.  797-803. 
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machines.  In  1897  they  were  in  use  in  twenty  Sutei,  and  the 
number  of  machines  has  increased  to  1988  as  compAred  with  1446  in 
1896.  The  coal  mined  with  their  aid  has  increased  from  aboat  16}  V) 
over  22J  million  tons,  or  from  12-56  to  16*17  per  cent,  of  the  total 
output  of  coal. 

V.  Waltl''^  observes  that  it  was  some  fifty  years  ago  when  the  intro- 
duction of  machine-getters  in  the  collieries  of  the  United  Kingdom  led 
to  a  marked  change  in  coal-mining.  About  twen^-fire  jean  since 
there  was  a  good  deal  of  correspondence  in  the  technical  joonili 
with  reference  to  these  appliances,  the  earlier  types  of  which  he  names 
and  describes.  Compressed  air  was  the  motive-power  nearly  alwivi 
employed,  though  hydraulic  power  has  also  been  adopted;  and  d 
late,  of  course,  electric  power  has  been  very  widely  introdneed.  Cotl- 
getting  machines  he  ^divides  into  four  main  types.  Each  of  these 
classes  the  author  deals  with  in  detail,  mentioning  the  varioos  known 
forms  of  such  appliances  under  their  respective  headings,  and  deacnbing 
the  results  that  have  been  obtained  in  practice.  A  very  large  namber 
of  such  appliances  are  referred  to,  and  many  of  these  are  dealt  with 
in  considerable  detail. 

Explosives  and  Blasting. — W.  Maurice,!  in  the  third  part  of  his 
paper  ou  electric  blasting,  discusses  various  forms  of  gas  cartridges 
and  heat  absorption  devices.  Under  the  former  heading  are  included 
various  fanciful  devices  such  as  water  decomposed  in  a  closed  casing, 
nitrogen  chloride  generators,  and  so  forth.  The  second  heading 
includes  various  forms  of  safety  cartridges  snch  as  those  of  Settle 
and  others. 

W.  Cullen  I  tlescribes  the  explosive  Kynite,  which  is  composed  of  a 
mixture  of  uitro-glycerine,  barium  nitrate,  wood  meal,  and  sodium 
carbonate. 

H.  Schaw§  thinks  that  high-pressure  steam  might  be  used  instead 
of  explosives  in  fiery  coal-mines,  and  suggests  that  a  cartridge  of  water 
placed  in  a  shot-hole  should  be  converted  into  steam  at  a  pressure  of 
al>out  150  lbs.  per  square  inch  by  means  of  electricity  of  low  tension, 
the  canriilge  or  boiler  to  be  made  of  such  strength  that  it  would  burst 
at  about  this  pressure,  when  the  force  set  at  liberty  would  break  dovm 
the  coal.      It  is  calculated  that  a  cartri^e  IJ  inch  in  diameter  and 

•  iWstvnru'KidtcSt  J^citschnt't  fur  Bfrp-  und  Buttenwewen^  rol.  xItL  pp.  284-286,  30S- 

3i»7.  «uui  :u:»  »ii>, 

t   i>MM*irlu»M«  \\f  t\€  Inshtutu'tx  of  Mining  Enpintert,  rot  xt.  pp.  189-202. 
:  It'tsL,  M»l.  w  y\K  ISl   18<*»  §  Ihid.,  S«pt«inber  1898  (admnce  proof). 
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Arthur  Kirk  *  lias  jiuUUhed  a  brief  liistor?  of  the  tdtvtce  mod  ■( 
of  expiosivoa. 

L.  Holaii  t  stntcB  Ciiat  another  new  eicploaive  is  tfa«t  termed  "Pre- 
ui«th«<*,"  It  coDMsts  of  two  materials,  one  Eoli<i  and  one  liqoid.  Hk 
aoliil  uaed  pouesses  one  or  other  of  the  rollowtag  compoftttuou : — 


1. 

iL     ]    m.    1 

PoUMium  Dhloral*        .        .        .        . 

Sxar"'-   :    ;    ;    : 

30 
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M 

ThcBe  Hulistuiotts  are  (inely  powdered,  ami  then  placeil  in  cartridge 
cnstiH  iniiilc!  of  poroiiB  paper,  which  are  inteDded  to  facilitate  the  »bBorp- 
tiuii  of  the  second  or  liquid  constituent.  The  compoeition  of  ihU 
latter  is  given  as  follows,  an  aromatic  oil  sometimes  replacing  the  oil 
of  bitter  almonds : — 


pBtrolanm       .... 
TurpeDUu*     .... 
OUorbLttarklmoDdi     . 

I- 

II.        m. 

60            BO 

IV. 
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B 
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...       >     100 

This  liquid  constituent  is  kept  in  closed  half-litre  metallic  bottles  lunil  ■ 
immediately  before  use,  and  is  not  added  to  the  solid  cartridge  d 
im  media  lei  J  prior  to  blasting.  The  cartridge  then,  coaslsts  of  thre 
parts  solid  and  one  part  liquid.  Up  to  the  time  when  tbej  are  dippe 
into  the  liquid  Uie  solid  cartridges  cannot  be  exploded  or  lit,  and  ikn 
not  suffer  from  damp  or  frost.  The  oil,  too,  is  not  very  readily  U 
and  when  set  fire  to  burns  steadily  with  a  quiet  smoky  flame, 
constiluenta  when  separate  are,  therefore,  safe  and  easily  transport 
Wh^n,  however,  the  oil  has  been  absorbed  by  the  solid  cartridj 
process  which  requires  10  or  15  minutes  to  complete,  they  1 
higli  exploaivAs.  An  explosion  results  when  they  are  struck  betwwB 
two  steel  plates,  ur  when  a  cap  is  used,  but  not  oU]ervis&  Tbos  Utej 
bunt  steadily  without  explosion  when  lit,  and  do  not  explode  vbeii  ia 
the  vicinity  of  other  cartridges  that,  are  exploding.     This  someiiial 
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DuriDg  receut  years  the  use  of  exploaires,  in  such  cases,  has  consider 
iibly  increAGBd,  ami  experience  shows  that  the  ssfeet  expIosiVM  ium 
are  the  foUowiug  ; — 

In   France,   the  Sei-vaa-Livry    explosive,    griaoutine,    and    BpeoalK 


Id  Germany,  roburlte,  the  new  westphalita,  and  carboDltc. 

Id  England,  roburite,  ammonite,  and  bellite. 

In  Austria,  safely  dynamite,  and 

In  Belgium,  Favier  powder  and  grisoutite. 

Working  Coal- — With  the  aid  of  illustrations  R.  Mellin  *  de«nW^ 
the  buard  and  [ijllar  method  of  mining  as  used  at  Tudhoe  coUieij-, 
Croxdale,  at  Usworth  colliery,  Newcastle,  at  Whit«liill  and  Grteo- 
fieid  collieries,  Scotland,  and  at  Silverdaie  colliery,  North  Staffonl- 
shire ;  the  long  wall  system  as  used  at  Cannock  and  Kugeley  colhenn, 
South  Staffordshire,  at  Albion  colliery,  South  Wales,  at  Leven  collieiy, 
Scotland,  at  Witley  colliery,  Birmingham,  at  Great  Fentou  colliery, 
Stoke-on-Trent,  at  Nunnery  colliery,  Sheffield,  and  at  WhitefieH 
colliery,  Tunstall;  the  combined  board  and  pillar  and  long  wall 
method  at  Llanbradach  colliery.  South  Wales;,  and  at  Nunnery  collieiy|J 
Sheffield  ;  and  lastly,  otlier  methods  of  mining  used  at  Hamsb 
colliery,  Birmingham,  and  at  Kiddrie  colliery,  Edinburgh. 

H.  Pasquet  describes  t  the  working  of  thick  aeama  of  coal, 
memoir  is  practically  a  general  study  of  coal-mJning  in  the  Loire  a 
field.  The  beds  of  coal  are  classed  according  to  thvir  thickness  a 
(1)  thick  beds  of  G  yards  and  above ;  (2)  average  beds  of  3  to  6  ya> 
and  (3)  thin  beds  of  3  yards  to  i  feet.  In  each  caM  details  are  gini 
of  the  nature  of  the  bed,  of  the  method  of  working,  and  uf  improflj 
ments  that  might  be  introduced.  Numerous  plans  and  dimeosiOM 
drawings  are  appended. 

J.   T.   Beard  X  shows   how  small   coal-mines  may  be   tn 
worked  where  the  seams  are  thi^  and  shallow,  and  the  field  limited. 

J.  Cain§  describes  the  methods  of  working  at  the  Thomas  i 
Wliitwell,  Tennessee. 

Full  debuls  are  given  of  the  amount  of  work  done  by  collien  in  ll 
different  seams  of  the  Rosait^  collieriea.  1| 


I  im  prriMiitchln  Slaolt,  mi.  x9 


•  Zriliehrift/Or  dot  Berg-  anitm-  Hnd  &dlne 
p|,,  108-184. 

t  ButUtin  -U  la  SimiU  <U  finiluttrie  Mintralt,  vol.  liL  pp.  5-1U6. 
;  Mine$  and  Mimralt,  »ol.  »U.  pp.  1-i.  S  PnJ..  pp.  OT-SBl 

11  OttlerrfteSitoHe  Ztitiekrijt  lar  Btrg-  und  auUnvaat.  vol.  ilvi.  p.  SIX 


442  THK  IKON  ASD  STEEL  INDUBTEIEP. 

that  the  pits  of  the  Martcl  collieries,  with  five  winding  pUnts,  ero|>loT 
six    hundred    ratchet   drills    in    ordinary    work.      One    of    the  ebi^f 
difficulties  In  the  wny  of  coiil-minitag  in  Northern  France  lies  in  ibt 
absence  of  suitable  niiue  timber.     Iron  props  are  coDBequently  beio^ 
used  instead.      The  conditions  existing  in  the  United  Kingdom  ut, 
the  author  states,  in  many  respects  different  from  those  that  exist  on 
the  Continent.     The  collieries  are  the  most  important  in  the  wh"Ie 
of  Europe.     The  conditions  of  working,  too,  are  moat  favourable,  tni 
the  seams  are  not  only  rich,  but  shipping  facilities  are  very  r«adilj 
available.     As  a  rule,  he  observes,  two  seams  are  worked  at  a  colliery, 
to  work  three  seams  being  rar«,  and  each  shaft,  too,  winds  from  a    I 
single  seam.     Mint:  timber  is  oven  more  wanting  than  in  the  North  J 
of  France,  and  has  to  be  imported  largely  from  the  South  of  FraitMl 
and  Norway.     The  seams  as  a  rule  are  more  or  less  horizontal,     11*9 
absence  of  suitable  timber  props  has  here  again  led  to  the  use  of  inail 
props  on  a  large  scale.     To  suitable  and  adequate  water  commnniM-^ 
tion  the  success  of  coal-mining  in  the  United  Kmgdom  is  Lo  a  reiy 
considerable  ext«nt  due.      England,  the  author  says,  liaa  tliree  chief 
coal  districts:  (1)    That  of  Newcastle;    (2)  the  central    coal    basin; 
and  (3)  that  of  South  Wales.     These  he  deals  with  in  more  or  leu 
detail,  together  with  the  methods  of  mining  that  are  in  use,  and  the 
labour  conditions.     The  author   subsequently  in  conclusion  compares 
the   conditions   existing   in    Austria,    and    especially    in    the   OstraU' 
Knrwin  district,  with  those  existing  elsewhere. 

Coal-Minins  in  Bavaria. — Among  the  papers  read  at  the  ncent 
Mining  Congress  in  Munich  was  an  interesting  memoir  on  coal-mining 
in  Upper  Bavaria,  by  L.  Hertle,*  managing  director  of  the  Dpper 
Bavarian  Coal  Compnny  at  Miesbach.  The  coal  occurs  in  namerons 
thin  seams  at  the  northern  edge  of  the  Bavarian  limestone  Alps,  and  a 
of  Oligocene  age.  Between  Inn  and  Lech,  for  a  distance  of  60  milM, 
with  a  mean  width  of  3  miles,  the  seams  are  workable,  the  thickcess 
heiug  at  least  30  inches.  Mining  operations  are  carrie*!  ou  at  Mieabocb, 
Uausham,  and  Pciisherg,  by  the  Upper  Bavaiian  Company,  and  at 
Peissenberg  by  the  Bavarian  Government.  Fortunately  liitie  difficoliy 
ia  prwented  in  mining  owing  to  the  absence  of  water  and  quickiaaii 
In  abaft  ainktug.  There  is  also  no  Gre-damp  worth  speaking  of,  aod 
uo  dangoroua  ooal  dust.  Underground  hauhige  is  effected  by  horat^ 
but  r()|«>  hauUga  iriU  thortly  be  installed.     The  windi 
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Ooal-Mining  in  Canada. — An  account  of  a  visit  to  the  oollieiieB 
at  Nanaimo,  Vancouyer,  has  appeared  in  pamphlet  form,  and  containi 
a  general  account  of  the  mines  and  plant.'*' 

Some  illustrations  of  the  surface-works  at  Springhill  Collieij,  Noti 
Scotia,  have  appeared,!  together  with  a  short  description  of  the  pkot 
and  workings. 


^-Pnmps. — A  lengthy  paper  on  the  Kley  pumping-engine  tt 
the  Franz  shaft  of  the  Idria  mines  has  heen  published  by  Carl  Haber- 
mann.^  In  selecting  the  engine  care  had  to  be  taken  that  it  should 
not  be  too  costly,  that  it  should  work  very  economically,  owing  to  the 
high  price  of  fuel  at  Idria,  and  that  it  should  permit  of  considerahle 
variation  in  the  number  of  strokes  per  minute.  A  Woolf  engine, 
modified  by  Kley,  was  eventually  chosen,  and  was  found  to  work  per- 
fectly satisfactorily.  The  consumption  of  steam  has  been  lower  than 
that  reached  by  any  other  type  of  surface-pumping  plant.  The  average 
annual  working  cost  per  effective  horse-power  per  hour  is  1^  The 
total  cost  of  the  plant  was  as  follows : — 

£ 

Engine-house .,        .  482 

Foundations 629 

Engine  with  crane  and  spare  piston          ....  4,694 

Rods  and  pumps 3,371 

Boiler-house 609 

Boiler  masonry 284 

Boilers 607 

Stack 250 

Miscellaneous  operations 410 

Total  11,236 

At  the  present  time  about  50  Kley  pumping-engiues  are  at  work  on 
the  Continent. 

A  full-page  plate  has  been  published  §  of  the  triple-expansion  mine 
pumping-engine  built  at  the  Worthington  Works  for  the  North  Hill 
Mine,  New  Jersey.  The  machine  shows  some  novel  features  that  are 
especially  desirable  for  underground  installations  where  it  is  necessary 
to  have  every  part  of  the  engine  as  accessible  as  possible.  The  piston- 
rods  are  so  arranged  that  the  high  and  intermediate  steam  cylinder 
heads  may  be  taken  off  and  the  pistons  taken  out  without  disturbing 

*  The  Coal  Industry  of  Vancouver  Island,  p.  26,  Victoria,  B.C. 
+  Iron  and  Coal  Trades  Review,  vol.  Ivii.  pp.  51-52. 

X  Zeiisohrift  des  Oesterreidiischen  Ingenieur-  und  ArckUekten-Vertinet,  ▼oL  L  pp. 
545-549,  557-562,  and  572-579. 
§  Enffiheering  News,  vol.  xxxix.  p.  285. 
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of  vater  to  be  dealt  with  ims  been  reduced  Trom  36,000,000  gftUonte 
9,000,000  gallnns  daily,  but  aa  endeiivour  U  being  made  to  ndott 
thu  to  6,000,000  gallons. 

In  1896  a  combioed  scheme  for  draining  the  mines  And  the  Eur- 
face  was  brought  out.  It  proposed  the  establishment  of  two  tiui:i 
pumping  and  Ijydrautic-power  producing  plants,  underground  Iev-i= 
and  a  hydraulic-power  distribution  main,  which  power  was  not  ntl; 
to  be  used  for  working  semi-portable  deep  pumps,  but  also  to  ti" 
made  available  for  the  actuating  of  GUrface^pumps  situated  in  li,' 
low-lying  areas.  A  large  proportion  of  that  part  of  the  scheme  wfaiclt 
referred  to  the  driving  of  the  underground  level*  baa  been  carried  wit 
The  comuiiKsioners  were  faced  with  the  difficulty  of  either  having  to 
make  an  underground  level  from  the  pumps  to  every  colliery  in  At 
district  wliicli  was  required  to  be  worked,  or  to  revert  to  the  oti^oal 
state  of  affairs  of  having  a  pum ping-station  in  almost  every  coUierr. 
This  was  altogether  a  position  which  it  was  impossible  to  coDt«tnpUt'- 
either  from  an  engineering  or  financial  standpoint.  Twenty-two  l^n- 
of  water  were  pumped  in  1873  to  1  ton  of  coal  or  other  mioeml 
and  in  1898,  notwithstanding  the  great  reduction  in  the  water,  Uic 
commissioners'  engines  were  pumping  24  tons  of  water  to  I  of 
mineral,  wliile,  if  the  water  raised  by  pum  ping-engines  were  sdJed, 
the  proportion  was  28^  tons.  The  only  way  to  bring  down  the  con 
of  working  an  increased  number  of  stations  within  the  range  of  tin 
revenue  was,  by  some  means  not  before  available,  to  diminish  tii> 
quantity  of  water  that  daily  fouud  its  way  to  the  miu^  from  the  lur 
face.  Having  secured,  through  the  Midland  Electric  Corporation  to: 
Power  Distribution,  the  prospect  of  an  early  supply  of  electric  *Jifr>;. 
at  a  cheap  rate,  the  scheme  for  the  extended  drainage  of  the  tow-lying 
portion  of  the  surface  became  feasible.  All  the  area  of  the  Tipuai 
district  had  been  re-examined  for  suitable  places  for  anTface-pump%, 
and  fifty  sites  had  been  selected  and  surveys  made  for  delivery 
channels  to  convey  tiie  water  pumped  to  some  existing  watercoiirse. 
The  quantity  of  surface-water  to  be  diverted  from  the  mines  wu 
3,000,000  gallons  per  day  on  the  average,  and  this  will  probably  b* 
dealt  with  by  centrifugal  pumps,  as  it  will  only  have  to  be  Lifted  10  u> 
20  feet  Where  there  were  at  present  steam-pumps,  pumps  worked  hy 
electricity  would  be  substituted,  and  in  consequence  each  place  would 
produce  greater  effects  than  with  the  present  steam-pumpa,  as  the 
electric  pumps  would  be  automatic,  and  might  all  he  set  to  work  stmol- 
ta&eously  oftor  a  storm,  instead  of  waiting,  as  with  the  Bteam-pnmpi^ 
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Fire-Damp  Detection.— Papers  on  the  analysis  of  th?  »ir  o(  maw, 
fic,  were  read  by  0.  Bleier  and  by  R.  Jeller  at  the  Inlemuiaul 
Chemical  Congress.    The  latter  has  elsewhere*  d^cribed  the  dtffenU 

apparatus,  especially  those  of  Coquiilion's  type. 

Colliery  Explosions. — H.  Couriot  and  J.  Meiinier  f  deacnbe  Uuir 
inyeatigatioDs  ou  the  explosion  sf  mixtures  of  fire-damp  and  lir  t^ 
electric  cturents. 

D.  Griffiths  t  descrihes  a  peculiar  eiploaion  of  coal-dost  at  ihf 
Crested  Butte  Mine,  Colorado. 

An  article  on  methods  of  dealing  with  coal-dust  has  recently  ip- 
peared.g  The  means  for  preventing  its  formation  are  enum«rit«d. 
They  consist  of  soaking  the  coal  in  etiu  hy  forcing  water  into  boreholes, 
application  of  water  during  undercutting,  wetting  the  coal  after  it  it 
broken  down  or  when  it  is  loaded  into  the  tube,  precautions  in  hanillin| 
and  hauling  the  coal,  and  webbing  it  again  if  necessary  at  the  sorfxe 
when  it  is  being  emptied  by  the  tipplers  on  to  the  screens.  Tv 
various  systems  of  pipes  and  water-cacts  are  described,  and  tb' 
relative  merits  discussed.  Reference  is  also  made  to  the  use  of  f^i/ 
salt-water,  and  (Jay  iu  laying  dust.  The  removal  of  the  dust  by  wMm- 
carriage  in  the  dibches,  or  by  tubs,  is  then  considered,  and  finaUy 
several  methods  of  olmatiug  the  deposition  of  fine  dost  are  dealt  oitK 
these  including  the  preparatioa  of  smooth  and  uniform  sarfacee  nici 
as  brickwork,  piaster,  or  comigated  iron  in  place  of  timlier  or  tteel 
girders  which  afford  so  many  lodgments  for  the  dust. 

Respiration  Apparatus.— J.  Mayer  ||  describes  the  Neupert-Pilir 
respiration  apparatus  for  exploration  wock  in  bad  air.  Its  total  weight, 
including  mask,  oxygen  bottle,  and  absorption  device  is  16J  Ibfl. 

L.  Denocl^  discusses  the  employment  of  life-saving  apptiancM 
Although  there  has  long  existed  a  very  great  number  of  appliance* 
enabling  a  man  to  penetrate  into  dangerous  atmospheres,  up  to  quit' 
recently  none  of  these  inventions  had  come  into  general  use  in  vantt 

•  OfterrtickUcht  ZeiUrhrifl  far  Berg-  und  BtUUnuifen,  Tol.  ilvi.  pp.  »>I-3H  J» 
372,  una  3SII-392. 

+  RtVHt  UnirfTKlIt  da  Minn.  vol.  iliii.  pp.  B3-103 ;  C'mpltt  Seadnt  lie  CAtaitrmv 
dt*  Smtntet,  *oL  eu«i,  pp.  901'!I04. 

t  ifinttand  Vinerali.  toI  xvili.  p.  4S6. 

8  CMiern  Oiiorrfian,  vol.  Uivl  pp.  737-738. 

ji  Oetlerreiekitehe  ZtUtekrift  /ar'Bery-  nnd  HaUenmtttK  vol,  xln.  pp.  H.  !7  C 
■ixl  .H4-3B, 

fi   Annaia  dn  Afitui  dt  Bttgtfqttr.  vol.  iii.  part  3.     Bnineli :  PoUmudi  et  Cnleiuk. 
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made  thnt  coal  was  first  dJacor«red  on  the  ContmeDt  «t  Lt^  u  tk 
year  1198.  The  ohjecl  of  F.  Biittgeubacfa's  pamphlet*  is  to  frvn 
beyond  doubt  that  this  assumption  it  erroaeuos,  coal  bAving  b«<i>  utd 
as  far  back  as  1113,  or  eiglily-five  y^are  earlier,  at  Eirchrath  on  iht 
Wurni,  where  it  lias  beeu  mined  without  intemiptiou  erer  einee.  TU 
author,  a  mining  engineer,  whose  writings  are  much  appreciatad  oa 
the  Continent,  basea  his  stiitemenia  on  the  archives  of  th«  Rlocumtk 
Abbey,  which  date  from  1104  to  1793.  Uia  account  of  the  grfrlua^ 
development  of  the  mining  industry  of  the  district  is  full  of  interr^i 
With  the  slight  knowledge  of  geology  in  vogue  at  that  early  date.  ^- 
is  astonishing  how  much  underground  work  was  carried  out  bjr  \hr 
Klosterrath  monks.  In  the  troubled  times  of  the  French  Itevoluiioa 
the  Abbey  was  closed,  and  in  1797  its  property  was  publicly  sold,  lb« 
mines  passing  into  the  handa  of  private  individuals  and  canpaniei. 
At  the  present  time  the  mines  on  the  German  side  are  in  the  hsndi 
of  the  Wurm  District  Consolidated  Colliery  Company,  whi>  also  own 
several  productive  mines  in  Dnbch  territory. 

T.  E.  Lones  t  has  written  a  short  history  of  mining  in  the  BU'  - 
Country,  in  which  the  coal  and  iron  trades  of  South  Staffordsbin  v 
reviewed  from  the  earliest  period  up  to  the  present  dale.  The  work 
is  chiefly  devoted  to  coai-mining  aud  the  advances  in  tbe  apptlucM 
used,  tbe  increase  in  the  number  and  area  of  seama  worked,  and  Uu 
effect  of  the  various  Royal  Commissions  are  treated. 

An  interesting  iiistory  has  been  publlslied  I  of  the  Hoganas  Collkry, 
the  most  important  coal-mining  undertaking  in  Sweden,  which  has  jtut 
celebrated  its  lOOih  anniversary. 

On  the  occasion  of  the  jubilee  of  the  French  Society  of  Civil  Engineer^ 
two  bulky  volumes  have  been  published  tracing  the  development  of  tht 
various  branches  of  engineering  from  1848  to  1898.  The  chapUir  oo 
mining  has  beeu  written  by  H.  Counot,  §  and  that  on  iron  and  UmI 
by  H.  Pinget. 

G.  M.  Williams  1|  deals  with  mine  legislation  and  mine  inspectioa  b 
the  anthracite  region  of  Feouaylvania,  both  from  the  historical  aad  tht 
present-day  aspect. 

Mine  Surveying. — Some  important  contributions  to  mine  eamy 

*  Suropa'ierileSttinknlilmbcrglaii.     (A.ii-la-CbnpelU  :  Ignu  Sohweitwr.)    I8S1 

t  A  Hiitoni  ef  Minina  tn  tht  Btark  Couiitrg,  p.  133.    Dudley,  189a 

t  Tdmiik  Tidftrift,  1898,  pp.  153-166. 

g  BulUtim  de  la  SoeieU  da  Ingivieuri  CiviU,  vol.  li  pp.  1-S07,  uicl  St3-83& 

II  pHiHr  cend  bettir«  (be  InMmntional  Hiniti;  Con^ren,  Salt  Luke  Oitr  tUttiBg.  Jilj 
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bi'oaghl  by  a  creeper  chaiu  tK)  a.  Schnicilal  duuble  tippler,  wfakili 
delivers  the  coal  on  lo  the  lump  screens.  The  coiil  which  {alls  ikroosli 
this  comes  on  to  a  Schwidtal  horizontal  double  screen,  which  tnaViri 
two  sizes,  large  and  medium.  The  greater  part  of  th«  coal-dusv  v- 
removed  at  this  point,  and  carried  to  dust  storage  bins  by  i  8cr^= 
conveyor.  The  Gmall  coal  is  taken  by  an  elevator  to  an  oecillftii:^: 
screen,  which  separates  the  coal  into  nuts  (Qrsts  and  seconds),  pea  cca. 
(firsts  and  seconds),  dust,  and  refuse.  The  further  dust  which  sepirti'- 
at  this  point  is  also  conveyed  to  the  duet  storage  bins. 

The  round  coal  and  the  laj-ge  lamp  and  medium  lump  ceal  »re 
conveyed  hy  travelling  belts  into  tbe  railway  trucks,  while  all  thr 
other  varieties  are  carried  along  on  endless  belts  to  large  slonge 
bins,  whence  they  can  be  directly  loaded  luto  railway  trucks,  vhick 
can  he  run  in  underneath  the  bins  used  for  supplying  the  coal  to  lb* 
boilers,  and  for  other  requireu:ients  at  the  collieries,  and  for  gCmib 
raising.  The  coal  that  is  dirty  and  contains  stone  is  conveyed  hy 
travelling  belts  to  the  stone  breakers.  \Vasi«  is  either  loaded  as  siuill 
coal  or  taken  to  the  coal-washing  plant 

The  plant  erected  at  the  Deep  Navigation  pits  of  the  Out«ii  Coal 
Company,  Treharris,  cousists  of:  Steel  pit-head  gear;  boziug  or  air- 
tight chamber;  four  patent  tipplers;  four  fixed-bar  screens;  four 
Billy  boxes;  four  jigging  shoots;  four  patent  picking  belu,  5  feet 
wide;  four  anti-breakage  loading  jibs;  four  "email  coal"  conveyors, 
one  TOO-ton  elevator ;  one  revolving  screen ;  one  twin  belt ;  five  tul) 
creepers;  and  one  horizontal  ateam-engine,  with  a  single  20  by  36 
inch  cylinder.  A  short  illustrated  description  of  the  plant  iiu 
appeared,*  ^ 

Tbe  coal-washing  plant  at  the  Saiut  £loy  collieries,  Fuy-dc-DAme,  is 
described,  t  Tiie  plant  was  erected  in  1891,  and  almost  all  handling 
of  the  coal  has  been  dispensed  with.  The  description  is  illustrated  by 
plans  and  sections. 

A  plant  hut  been  erected  ta  deal  witli  2000  tons  of  coal  daily 
Toms  Creek,  West  Virginia.  Coal  irom  ths  mines  is  tip|>ed  into 
hopper,  whence  it  is  led  downhill  for  a  distance  of  310  feet  by  a 
conveyor.  The  last  20  feet  is  arranged  as  a  scroen.  Lump  cold  is 
delivered  on  to  a  picking  belt  50  feet  long  by  4  feet  wide,  and  then 
transferred  by  a  lowering  arrangement  to  the  railway  waggons,  or  k 
led  to  disintegrators  when  it  is  to  be  used  for  coking,     Thi 

e,  vol.  !viL  pp.  693-^1. 
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eleven  collieries  worked  by  foar  lessees,  and  producing  about  l^  wSSSm 
ions  of  marketable  anthracite  yearly. 


Denomination. 


SiMofMeth 

of  Screen. 

Inchet. 


Lump 

Steamboat 

Broken 

Egg 

Store  . 

Cheitnut 


Total  large 


Pea     . 

Buckwheat 


Bice 


i 


i  and  over 
calm  screen 


Total  small 
Qrand  total 


2L689 
e7»M9 
141,139 
146^910 
231,802 
265,897 


874,386 


} 


146,974 
290,647 

168,016 


636^637 


1,410,028 


Per  Onk 


1-5 
4*8 
101 
10^ 
16^ 
18-8 


ei-o 


Id 
16-7 

n-9 


28*0 


VK'O 


Of  the  total  output,  186,023  tons,  chiefly  of  the  small  siaes^  were  med 
at  the  collieries.  The  change  in  shipping  sixes  is  shown  in  the  fdlow- 
ing  table : — 


Tear. 


18ft3 
1868 
1873 
1878 
1883 
1888 
1893 
1897 


Stove  and 
Larger. 


Per  Cent. 
90-0 
87-9 
82*8 
77-2 
71-8 
69-9 
69-9 
48*0 


Chestnut. 


Per  Cent 
10-0 
11-2 
12-2 
12-5 
12-2 
11-8 
16-8 
217 


Small 


P^Oent 

•  •  • 

0-9 

10-3 
16-0 
18-3 
23-3 
30-3 


The  increase  in  the  small  size  is  due  partly  to  the  demand  and  partlj 
to  the  large  amount  now  saved  from  the  waste  heaps.  Some  particolsn 
are  given  in  the  report  as  to  the  means  adopted  for  this  purpose. 

The  annual  report  of  the  Girard  Estate,  Pennsylvania,  contains  a 
description  of  a  plant  for  washing  anthracite  waste  erected  on  the 
estate  last  year.  It  was  in  continuous  operation  during  the  last  five 
months  of  the  year.  The  coal  shipped  was  17,897  tons,  the  proportion 
of  each  size  (using  the  local  nomenchitme)  made  beiirg :  Chestnut  co«l, 
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2-02  per  cent;  pea,  28-50;    buckwheat,  37-32;  and  rice,  32-16  per 
cent, 

C  Piez*  describes  the  different  methods  of  Btoring  and  handling  the 
steam  sizes  of  anthracite. 


Coal  Handling  and  Shipping. — Full  illustrntions  ure  given  t  of 
the  coal  loading  and  unloading  and  storage  plant  erected  at  West 
Superior,  Wisconsin.  There  are  two  buildings  for  anthracite,  each 
246  feet  in  diameter  and  100  feet  high,  holding  50,000  tons,  and  an 
uncovered  floor  for  45,000  tons  of  bituminous  coal.  The  coal  is  un- 
loaded from  the  boats  by  grabs  into  conveyors  and  trimming-troughs, 
and  is  removed  when  required  by  a  conveyor  working  in  a  cast-iron 
tunnel.     The  steel  roof-girders  offer  several  novel  features. 

Illustrations  have  appeared  J  of  the  Werner  apparatus  for  unloading 
coal,  and  also  of  the  Wellman-Seaver  plant.  In  the  former  an  endless 
bucket  conveyor  is  carried  along  a  jib  over  the  trucks  and  down  a 
movable  arm,  which  dips  into  the  hold  of  a  vessel.  The  latter  plant 
is  in  use  at  the  South  Cliicago  Works  for  hauling  the  coal  for  the  pro- 
ducers, and  consists  of  elevated  bins  over  which  a  crane  travels. 

The  Hulett  unloading  machine  is  also  illustrated.g  It  has  a  grab  to 
which  a  universal  motion  is  given  for  removing  coal  from  the  hold. 

There  is  on  the  American  railways  a  marked  tendency  to  increase 
the  capacity  of  coal  waggons  from  60,000  lbs.,  which  has  been  practically 
the  standard  for  several  years,  to  80,000  lbs.,  and  even  more.  Drawings 
of  the  new  80,000  Iba.  coal  waggons  used  by  th«  Illinois  Central  Rail- 
way are  published.  |(  The  special  features  of  these  waggons  are  the 
relatively  low  dead  weight  to  the  high  live  load,  the  increase  in  cubic 
capacity  due  to  the  side  planking  being  placed  outside  the  stakes,  and 
the  use  of  all-metal  trucks. 

J.  Morison^  describes  the  Wrightson  machine,**  in  which  belts  are 
used  for  conveying  the  coal  to  be  loaded.  It  consists  of  a  travelling 
truck,  on  which  an  endless  belt  carries  the  coal  from  the  waggons  to 
a  second  endless  belt  mounted  on  a  jib.  Suspended  from  the  end  of 
the  jib,  so  as  to  dip  into  the  hold  of  the  vessel,  is  a  trunk,  through 


•  Mima  and  Mincralt,  vol  iviii.  pp.  48B-488. 

t  E-aainetri'iig  Ntwi,  *ol.  x\.  p.  90,  with  double  p1«t«. 

J  Irm  and  Coal  Trada  Review,  vol.  Iiii.  pp.  175-176. 

9  Uarine  Serien  {V.S.),  throagb  Iron  and  Cual  TnuUi  Rein 

li  EngiHttring  Nevi,  tdI.  uiii.  p.  378. 

IT  TraiinbiioKi  of  the  ImtitHion  of  Mining  Engineer',  vol,  i 

"  Juamal  of  Ae  Iron  and  Sted  Iniliiute.  1B97,  No.  II.  p.  !l 
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whioli  coftl  is  lowered  by  a  thirii  endless  hell  or  buekei  conveyor 
Tim  capacity  in  480  tous  hourly. 

II.  KichardBoii  *  ilescribee  llie  waggon  drops  used  for  shipprng  coal 
at  aome  jjoints  on  the  Tyno. 

E.  W.  ('rone  t  duscribes  the  telescopic  apout  med  at  the  Wallwnd 
itaithes  for  preventing  breal(age, 

J.  M.  Muru^rietr  I  describes  the  coal  -  aliipping  plant  at  Wallwud 
Colliery,  where  steel  boxes  huldjng  5  tons  each,  tnounted  ou  light 
trolWys,  lire  used,  At  the  Gtaithes  these  liozes  are  lifted  hy  ennn 
off  the  trolleys,  lowered  iuto  the  huld,  and  tipped.  The  liuea  vr 
arrange*!  with  gradients  and  automalio  turntables  U>  facilitate  dic» 

W.  B,  Hanluit§  describes  tlie  different  types  of  co«]  (iiilo«iiD^ 
maoliiu«s  used  at  Lake  Env  porta.  His  pi^Mr  is  illastnted  bj  na^r- 
MB  «xcellent  phoiograpluc  UlwstntfiwM^  and  contaiiu  an  acconit  vi 
MBM  uf  the  earli«r  detieet  wil  of  the  iBprorcmeata  ataile  ap  to  it^ 
jnmat  ltui<n.  inoladiug  tbe  Liwlay,  the  MdCyiar,  tbe  Loii^  ti" 
Bramt,  and  lh«  Webster,  Camp  and  Jmbk  —f**-"?^ 

Ook*  Briqa«U«S.— A-  J.  S(»r«  |  describes  tbe  ■aawfactm  ef 
eofc*  briqncttK.  IV  ^pw  »  iUoatoted  by  «  aDCtaoa  vt  m  qipieil 
attdmal  fnd  pUnt,  a  tm«  af  th»  wMnar  «f  a  WitnA  aitifidal  f«d 
pbM  wtUi  a  doabla  otmfnammm  ftvm,  ncliiai  «f  the  fad  prev  aad 


•f  ^  pinch  aiDt  aad  a  new  «r  3i 
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I.— BLAST-FURNACE  PRACTICE. 
The  Calorific  Balance  of  the  Blast-Fumace.— G.  Rocoar  *  has 

published  an  exhaustive  investigation  of  the  calorific  balance  of  the 
blast-furnace.  The  memoir  occupies  97  pages,  and  deals  with  the 
previous  investigation  of  the  subject,  with  blast-farnaces  working  on 
white  pig  iron  and  on  Bessemer  or  foundry  pig  iron,  rapidity  of  the 
passage  of  furnace  charges,  utilisation  of  gas,  Cowper  stoves,  boilers, 
and  calorific  analysis  of  the  internal  phenomena  of  the  furnace.  In 
conclusion  the  results  are  shown  graphically. 

Charging  Blast-Fnmaces. — F.  Firmstone  t  gives  a  large  number 
of  illustrations  made  from  actual  measurements  of  the  forms  assumed 
by  the  charge  in  the  blast-furnace  as  afiected  by  various  methods  of 
filling.  The  forms  observed  are  discussed,  and  the  behaviour  of  the 
furnace  in  each  instance  is  noted.  In  several  instances  the  shape  of 
the  bells,  &c.,  or  the  method  of  charging  was  altered,  so  as  to  change 
heaping  up  at  the  centre  to  an  annular  heaping,  or  vice  versdy  partly  to 

*  Rcvut  UniveneJle  dts  Mines ^  vol.  xliL  pp.  1-97.  Also  publiahed  in  book  form, 
Eiudc  iur  VKguilibre  Calotifique  du  ffaut-Foumeau,  Li^ge,  1898.  A  copy  of  thia  work 
has  been  presented  by  the  author  to  the  Institute  Library. 

t  Transactions  of  the  American  Institute  of  Mininff  Engineers^  Buffalo  Meeting, 
1898  (H«Wanoe  prt)of). 
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(lerfect  than  that  of  coa.i,  and  the  evaporative  power  beiDg  about  M 
6  to  4,  it  foHows  that  the  actual  annual  loss  ts  half  as  much  >gi 

The  knowledge  of  the  loss  resultiag  in  this  wa^  has  led  t 
attempts  to  so  improve  the  charging  appliances  as  to  elimiiute  sl 
entirely,  or  rather  as  far  as  is  possible,  in  practJce.  Quite  twelve  yran  | 
ago  attempts  were  made  to  this  end  in  United  States  blast-fnniK*  { 
practice,  and  the  author  instances  the  arrangements  of  Keiiuedj  uxl 
Scott  and  Fayette  Brown.  The  first  of  these  is  applied  to  the  Lmj 
furnace  at  Pittsburgii.  Tiiese  two  appUances  resemble  each  otlier  u 
many  respects,  the  ore,  &c.,  being  charged  into  a  closed  retepUcIe 
above  the  bell,  which  forms  a  movable  base,  and  works  in  ibe  luiu! 
way.  A  third  somewhat  similar  arrangement  ia  that  recently  dt 
signed  in  the  United  States  by  Suppes.  All  these  three  fonm  vr 
described  and  illustrated.  Taken  on  the  wliole,  the  author  obserre^ 
they  rolfil  the  requirements  of  the  case.  They  are  not  too  compheaM, 
and  enable  a  complete  and  accurate  control  to  be  maintained  over  ifn 
charging,  while  saving  labour.  A  proper  control  of  the  fumace-wotk- 
ing  is,  however,  more  difficult.  They  necessitate,  too,  a  side  take-nti 
of  the  gas,  and  consequently  in  German  furnaces,  the  author  obwnes, 
their  use  will  be  limited,  as  when  fine  ore  is  being  charged,  at  Hit 
moment  of  charging  a  considerable  proportioB  would  be  drawn  awaj 
into  the  aide  take-olT.  This  would  happen,  for  instance,  in  the  cas>- 
of  purple  ore,  calcined  spathic  ores,  soft  brown  hematites,  A-c,  ttir 
velocity  of  the  escaping  gas  being  about  10  feet  a  second.  The  cm*, 
too,  is  different  with  German  furnaces  to  that  in  the  United  States, 
for  the  ores  are  poorer  and  the  jiroductiou  smaller,  and  it  is  oAen 
necessary  to  mix  ten  or  more  ores  together  in  the  ore  mixture  to  be 
charged.  The  coke,  too,  needs  to  be  strong  to  stand  the  repe 
transfer  from  waggon  to  beli,  beil  to  hopper,  and  hopper  ag 
furnace.  In  Upper  Silesia,  therefore,  these  charging  apphAu< 
not  likely  to  be  of  much  use.  In  Westphalia  the  conditions  are  ai 
what  different,  for  there  the  cake  is  harder  and  firmer,  and  lbs  ■ 
often  of  a  more  lumpy  character. 

The  appliance  of  Lewis,  ou  bbe  other  hand,  takes  this  question  i 
the  quality  of  the  coke  into  couaideration.     The  hopper  above  the  1l 
is  again  closed,  but  the  charge  U  made  on  to  the  hopper  direct  in  ti 
usual  way  through  charging  opeDings  which  close  automatically, 
however,  makes  tlie  arrangemi^ut  more  comi>lical«d,  and   preveuta  ■ 
proper  supervision,  as  it  is  impCKsible  to  ascertain  whether  the  w 
of  the  charge  hiis  passed  into  the  furnace,  or  whether  the  furnace  h 
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blowiog,  the  charge  hung  up  ag&ln.  As  much  as  possible  of  the  cioi^ 
was  blown  out,  and  it  was  then  found  that  a  bear  bjul  fumed  ill 
round  the  boshes,  narrowing  conically  towards  the  centre  of  Iht 
fdmace.  This  adhering  material  was  too  low  down  in  th«  foniace  U 
admit  of  its  being  cleared  away  from  above,  ami  the  attempt  m 
therefore  made  to  fuse  it  down,  but  this  was  also  altogether  a  failure 
A.  last  attempt  was  therefore  made  to  avoid  blowing  the  fomace  out, 
and  desirable  though  this  method  proves  to  be,  tlie  author  is  not  awan 
that  it  hod  Iwen  previously  tried.  The  furnace  was  again  blown  nnptj' 
to  about  the  tuyere  level,  and  small  guidbg  openings,  succeeded  b* 
larger  working  ones,  were  then  made  below  the  point  at  which  ttie 
scaffolding  had  taken  ])lace  in  the  furnace.  The  blast  Wing  thut 
off,  these  openings  were  carried  right  through  tlie  furnace  walU,  and 
through  them  the  bear  was  knocked  away.  The  first  portion  being 
knocked  away,  the  remainder  came  down  with  a  run,  complete!; 
choking  the  four  working  openings.  To  be  quite  certain  that  ihe 
furnace  was  clear,  these  openiofia  were  then  temporarily  bricked  up, 
and  the  furnace  blown  again  until  the  charge  bad  sunk  quite  below 
the  openings.  Tliis  took  s*me  hours,  sliowing  what  a  larg«  qn&nucy 
of  materia)  had  collected  in  the  furnace.  The  furnace  was  then  again 
opened  out,  and  the  whole  of  the  BcaffoUUng,  with  the  exception  of  » 
few  small  pieces  of  material  that  were  then  broken  o^  was  found  to 
have  disappeared.  The  walls  were  quite  clean,  only  a  few  dark  spot* 
on  them  showing  where  the  mass  bad  been  adhering.  The  openmgs 
in  Che  furnace  were  then  properly  bricked  up,  and  the  furnace  put  into 
regular  blast  again.  It  began  at  once  to  work  properly,  and  continued 
satisfactorily  afterwards. 

The  bear  consisted  of  coke  with  some  lime,  and  was  filled  up  witJi 
n  dusty  kind  of  material.     It  showed  but  little  resistance,  and  coaU. 
be  readily  cleared  away.     There  was  no  slag-Hke  binding,  and  VA! 
Vlolen'a  carbon  theory  would  appear  therefore  to  hold  good.     Dei 
generally  with  the  question  as  to  the  cause  of  the  hanging-up  of  cli 
the  author  says  he  is  generally  in  agreement  with   the  theory 
pounded  by  Van  Vloten.*     Hia  experience  is  that  only  those  furni 
expeneuce  trouble  from  seaQbhling  which  produce  regularly  one 
the  same  kind  of  iron,  whether  white  or  grey.     It  is  due  to  chi 
in  the  position  of  the  reducing  and  carburlsiiig  zones  for  the  diffej 
varieties  of  iron,  any  scaiTolding  formed  when  one  kind  of  iri 
being  cleared  away  when  another  kind  is  produced.     This  is 

-  J-.ri.ai  of  OuLm  and  HUd  iiitlttuU.  1303,  So.  II.  p.  133. 
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at  the  tuyere  level  the  coke  u  barnt  direcUy  to  carbon  dioxide,  bsl  I 
that  this  ia  then  immediately  reduced  to  the  monoxide.  This  ii  1 
important  aa  regards  the  temperature  at  the  tuyeres,  but  it  is  of  ijidr 
importance  as  regards  the  temperature  conditiona  witUn  the  fumi 
as  a  whole  iu  what  manner  the  carbon  monoxide  is  produced.  Tl 
amniint  of  air  required  at  the  tuyere  level  for  each  pound  of  the  caiY-- 
or  the  coke  that  is  consumed  must  be  conataat :  if  the  furnace  la  wi,:  t. 
ing  steadily,  it  amounts  to  575  lbs.  The  faster  the  air  is  admilt. . 
the  quicker  the  coke  is  buret,  and  the  more  rapid  is  the  famiM 
working,  and  the  inverse  also  holds  good.  The  author  in  his  oJcnlk-  I 
tions  starts  with  the  assumption  that  with  a  furnace  working  regitlarij 
under  the  same  furnace  conditions  and  with  similar  coke,  the  qaauiiu 
of  heat  that  must  be  evolved  by  the  combustion  of  coke  in  the  fotnip 
remains  identically  the  same  for  each  ton  of  pig  iron  produced,  li'. 
therefore,  it  is  desired  to  save  some  of  this  coke,  heat  most  be  inir" 
duced  into  the  furnace  from  other  sources,  and  this  is  effected  bv  j 
prior  heating  of  the  blast.  Tiie  author,  before  pruceetUng  further  rni  ■ 
a  theoietical  consideration  of  this  question,  proceeds  to  describe  the  irni 
in  which  the  blast  is  heated.  The  stove  he  describes  and  illnstratea  l- 
the  Cowper.  The  temperature  of  the  blast  obtained  by  the  use  of  ihis 
Stove  diminishes  regularly  with  the  time  it  is  in  use,  thus  in  li-hoar 
blow  it  fell  iu  a  case  particularised  from  910*  C.  to  840*  C.  Tbc 
higher  the  temperature  of  the  air  blown  into  the  furnace,  the  lover 
the  quantity  of  coke  consumed.  The  following  figures  rel&ie  lo  .i 
general  average  per  ton  of  pig  iron  produced  at  a  plant  In  Lomum.' 
that  comprises  three  blast- furnaces. 


Per  Ton  nj  Pig  Iron  made. 

Tot* 

Dry  sir  blnwn  iu 3-600 

Coke  oonaamed 11191 

OBrbgn  in  coke O'SSG 

Cubon  oonvortid  into  gaiboii  iiionoiide  kt  (tae  tujere*  0-626 

Carbon  ooniutoed 0'199 

Carbon  iu  pig  iron  01)39 

OarboD  in  wiute  gua« 07S9 

Tempcntnre  oF  blut  at  stortn STO*  C 

Tempentnre  of  bUit  Bt  tafeni* MMT  (X 

Tempemlore  in  upper  port  of  ttor*      .        .        .        _  1100"  C. 

WaiteJieat KU*  C. 


I 


The  author  makes  use  of  these  figures  as  the  basis  of  an  eUbonU 

calculation,  which   shows  the  high  value  to  be  attached    to  headnj 
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engine  built  by  a  firm  in  Oliio.     The  steam  cylinders  are  > 
inches  in  diameter.     The  air  cylinders  are  88  inches  in  diameter  w 
a  5-foot  stroke,  and  are  suspended  on  the  under  side  of  the  bed-^ 
to    reduce   the    height.     The   connection    to   the   fly-wheels  le  n 
through  rocking-shafts. 

Casting  Pig  Iron. — The  blafit-funiaca  plant  now  in 
erection'*  at  Lorain,  Ohio,  is  to  be  furnislied  with  a  novel  castbg-  I 
plant.  The  metal  not  used  for  the  converters  is  taken  by  15-U»  I 
ladles  to  a  point  about  1350  feet  distant  from  the  furnaces.  Here  tlie 
ladles  run  on  a  slightly  elevated  track,  and  discharge  the  metal  inw 
a  swivelling  spout  which  extends  over  a  lower  track  on  which  the  jri; 
moulds  are  run.  The  moulds  are  of  cast  iron,  carried  on  small  tmck: 
weighing  altogether  10  Ions,  Five  of  these  trucks,  which  are  buill  w 
as  to  overlap,  are  made  up  into  a  train  and  drawn  under  the  spout. 
There  are  three  rows  of  moulds  on  the  trucks,  and  each  row  is  filW 
simultaneously.  Then  the  train  is  run  into  a  siding,  while  the  pi^ 
cool  for  about  three  hours,  and  subsequently  the  train  carries  them 
to  the  storage  yard,  where  each  truck  is  picked  up  by  a  crane  and 
emptied. 

Illustrations  have  been  published  f  of  the  Baker  apparatus  and  of 
the  Davies  apparatus,  both  of  which  ore  to  be  used  in  place  of  |>ig 
beds  for  casting  pig  iron.  In  both  the  plant  is  placed  at  any  dislanM 
from  the  furnaces,  and  the  molten  iron  is  carried  to  them  in  ladles. 
The  Baker  plant  has  the  moulds  arranged  as  beds  mounted  on  tmnnioiu 
and  tipped  by  hydraulic  rams  so  as  to  discharge  the  pigs  when 
sufficiently  solid  into  a  hopper  over  tlie  railway  trucks.  The  ladle 
trucks  run  on  an  elevated  line  at  one  side  of  the  line  of  moulds,  and 
the  metal  is  poured  through  a  runner  which  reaches  over  the  centn  J 
of  the  mould.  In  the  Davies  plant  the  moulds  are  mounted  on  roug 
trunnions  on  the  circumference  of  a  large  horizontal  wheel, 
wheel  revolves  they  are  automatically  tilted  by  striking  a  Szed  lappa 
when  they  come  over  the  hopper  or  shoot.  The  moulds  are  doubl^l 
one  mould  being  on  tho  top  and  the  other  on  the  bottom  of  i 
casting,  60  that  as  the  upper  moulds  are  being  filled  those  on  tlio 
underside  can  be  sprayed  ready  to  receive  the  iron  when  they  $n 
turned  up. 

*  Inm    Tradt   lUvina,    >ol.    mi.    No.    27,   pp.    It-lS;   Enfrineering  and   Mwif 
Juvmal,  Tot.  UtI.  pp.  18»-190. 

t  Iron  and  Coal  Trada  Seviev,  toL  ItL  pp.  S74'!V7B;  Amrrwim  JVan^fbrhmr, 
tol.  Ill),  p.  TOa :  lean  Agt,  tuI.  Iii.  Blaj  lil,  pp.  13-14. 
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ladle,  which  is  semi-circular  on  its  under  surface,  ruUs  fonraril  u>i 
pours  out  the  slag.  It  is  kept  in  its  true  path  by  cbuiis  wn(p]ir. 
round  it  Jn  opposite  directions,  which  form  a  chenp  and  efficient  £1;; 
Btitute  I'or  rackwork. 

Mixers  are  largely  used  to  render  the  metal  unifonn,  and  al  iht  1 
Cleveland  BoUiag-Mitls  n  semi- cylindrical  mixer  holding  130  lou  a   { 
in  use,  revolving  about  its  longitudinal  axis  on  rings  of  tire  rollnv 
Oil,  steam,  and  air  are  injectecl  at  one  end  to  keep  the  bath  wine. 
Two  hydraulic  rams  tilt  it  in  one  direction  or  the  uther. 

J.  Birkinbine  *  lias  drawn  up  a  report  on  the  manufacture  of  iron  aini 
steel  at  Marquette  from  the  ores  of  that  district.  Fuel  will  hare  to  hr 
brought  to  the  furnaces,  and  it  is  still  a  problem  of  the  fiitore  u  U' 
vhether  it  is  better  to  carry  the  raw  coal  or  to  coke  it  beforv  Iransnori 
Flux  of  suitable  character  is  to  be  found  in  the  neighbourhood.  .A 
comparison  is  made  of  the  cost  of  manufacture  at  Buffalo,  Clevelaixi, 
and  Marquette,  in  favour  of  the  latter,  and  also  Chicago  and  Pitl«boTg 
are  compared  with  the  same  locality.  It  is  not  forgotten  that  these 
centres  also  use  the  Lake  Superior  ores,  and  therefore  would  be  com- 
petitors. It  is  considered  that  not  only  pig  iron  should  be  prodaced, 
but  also  that  steel  plant  and  roIling<mills  should  be  erected. 

J.  Bowron  f  deals  generally  with  the  manufacture  of  iron  at  Bir- 
mingham, Alabama,  and  shows  the  natural  advantages  possessed  by 
this  district. 

W.  P.  Hunt  X  advocates  the  resumption  of  iron  manufacture  in  New 
England,  as  the  question  of  freight  is  greatly  in  its  favour.  Ores  cooiti 
be  obtained  at  Boston  from  Cuba,  Newfoundland,  and  Nova  Scolia, 
whilst  coal  of  coking  quality  might  be  brought  from  Cape  Bnton. 
Limestone  of  suitable  nature  is  available  in  the  vicinity. 

The  Working  of  the  Dover  Furnace,  Ohio.— A.  K.  Kee«e  §  gives 

some  notes  on  six  months'  working  of  the  Dover  furnace,  Ohio.  This 
furnace  is  75  feet  high,  16J  feet  in  the  boshes,  lOJ  feet  in  the  hrArlL, 
and  12J  feet  at  the  stock  bne.  It  has  three  Cowper  stoves  65  by  K> 
feet.     The  coke  used  shows  on  the  average — 

Vol&tile  Hatter.     Ash.  Cuboo.  Silic*.         Alamina.        Snlphai. 


'  Pamphlet,  p.  31,  lahpeming.  189S. 

t  Journal  oj  IKt  Arneriean  Foundrgmrvit  AstoeiiUion,  vol.  v.  pp.  4-17- 
:  Amtrican  Jfanu/artunr,  rol.  UiL  pp.  439-140. 

S  Traiuaehoni  0/ titt  Antrican  InaiiuU  of  Mi»inj)  Etiginttrttljike  Saperim 
tS97  (ailniioa  proof)' 
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bottom  uiclined  aL  45*,  beiug  oude  of  l|-iiicb  cast-iron  pUtet.  lb 
ore  carriere  run  in  front  of  the  bins  in  a.  pit  10  feet  wide  and  SOj  ff, 
deep,  being  BUp[iorte<l  from  an  electrically  driven  truck  provided  wish 
a  weighing  ajipliftnc^e,  and  running  on  nviia  6  feet  below  the  nirfaot 
The  man  working  this  truck  can  open  the  doors  of  the  bins  by  >  for. 
lever  and  draw  off  weighed  quantities  of  ore,  which  are  then  taken  U> 
the  hoisting  skip  of  8  tons  capacity. 

The  furnacefl,  two  in  number,  will  be  100  feet  in  height,  U  fe« 
diameter  in  the  hearth,  22  feet  in  the  boshea,  and  15  feet  in  Um 
throat.  Each  haa  sixteen  6-Inch  tuyeres  and  copper  cooling  platei 
The  sbella  will  have  a  diameter  of  31j  feet,  and  the  stack  is  aniti 
on  eight  steel  columns,  22  by  18  inches  and  35 J  feet  high,  resting  on 
a  oast-iron  ring  made  in  eight  9-tou  secMons. 

The  hoisting  incline  will  he  a  firmly  trussed  etracture,  rising  at  m 
angle  of  60°  and  carrying  a  skip  of  225  cubic  feet  capacity,  or  abont 
8  tons  of  ore.  The  skip  travel  in  each  trip  will  be  210  feet,  and  an 
average  of  ID'75  skip  loads  per  hour  will  be  delivered  at  the  top  of  tlie 
stack.  The  caluulationn  as  to  materials  are  based  on  188  loads  p«T 
day — 94  I'ur  ore  and  limestone  mid  94  for  coke. 

Tho  top  is  closed  by  means  of  the  usual  bell  and  furnace  hopper. 
A  conical  seal,  made  in  six  sections,  is  bolted  to  the  top  of  the  fumocr 
hopper.     It  is  provided  with  six  18  by  24  inch  explosion  doors.     Tin 
seal  prevents  the  escape  of  furnace  gase»  when  the  bell  is  lowered  :""■ 
the  purpose  of  allowing  the  charge  to  pass  into  the  furnace,  and  ihc 
explosion  doors  provide  for  relief  in  case  of  emergency.     The  sectioot 
of  the  seal  are  bolted  together,  and  may  be  easily  and  quickly  removed 
for  renewal  of  the  bell  or  hopjicr  rings.     Above  tlie  seal,  carried  Iqr  k 
truck  travelling  ou  girders  su[>ported  by  columns  from  the 
platform,  is  the  distributing  apparatus.     The  distributor  cooaists  of 
hopper  of  sufficieut  caimcily  to  htdd  the  several  maximum  charges 
coke,  ore,  and  limestone.    The  liopper  is  cylindrical,  with  Bared  icp . 
built  in  two  sections,  one  suspended  from  the  beams  of  the  truck, 
carryiog  tlie  bell,  while  tlie  other  section,  a  little  larger  in  diamemr 
arranged  to  rest  ou  ttie  top  fiaoge  of  the  furnace  seal,  wheo  stock  b 
received  trout  the  skip     Ttiis  outside  ring  is  lifted  by  a  steam  ty^iu 
on  the  truck  to  allow  the  stock  to  drop  on  to  the  foruace  belL 

On  the  sane  track  girdi-r  which  carritrs  the  distributor,  and  on  rail- 
out«ide  of  tlie  distributor  tracks,  is  a  gantry  crane  of  3ti,00U  lb«.  esfx- 
cily,  which  may  bo  transferred  tu  any  position  without  iiit«rieretic«  «itti 
the  top  mechanism,  and  can  be  used  fot  liMng  readily  any  parti  whieli 
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The  First  Coke  BlaBt-Fumace  in  Europe. — O.  Vogel,* 
sideriiig  ihc  various  suggestions  a»  lo  wiiich  was  the  firal  coke  biut 
furnace  in  Europe,  draws  attention  to  &  Btill  earlier  experiment  tian  I 
any  which  has  yet  been  moationcd.  This  took  place  in  GermaDj  in 
1750,  Brown  coal  from  the  Westerwald  was  coked.  Four  thija^n: 
German  pownda  of  this  brown  coal  was  first  coked  in  a  meiler.  Th-r- 
resulted  1449  lbs.  of  "  coke,"  and  other  attempts  subsequently  followei 
with  varying  results.  Unsuccessful  experiments  with  this  fael  were  then 
made  at  the  Heiger  Ironworks. 

Russian  Ironworks. — J.  Thiemet  gives  details  of  the  costs  of » 
KussinR  blaBt-fiii'uace,  Copp^e  coke-oven  plant,  and  Bessemer  plaal. 
The  blast-furnace  had  a  capacity  of  12,643  cubic  feet,  and  its  coO, 
including  steves,  boilers,  blowing-engines,  and  plant  generaUr,  wu 
£65,973.  The  cost  of  construction  of  the  battery  of  sixty  Coppie  cok* 
ovens,  with  its  accompanying  coal- weighing  plant,  was  £32,434.  1^ 
Bessemer  plant  had  a  yearly  outturn  of  57,377  tons,  and  ite  coat  wu 
£31,394. 

Dealing  next  with  some  of  the  blast-furnace  plants,  the  aathor 
describes  the  Kamenski  Works  of  the  Dnieper  Company.  At  this  woriu 
the  year's  production  included — 

Hetric  Too*. 

Colie 85,686 

I'ig  i">n 138.170 

9p>«gel«iien 18,350 

Bniemer  iteel T3,8« 

Open-Leiirtfa  ateel 13,380 

MftlleaUv  iron 10.430 

StuelriLil 6&is5Q 

Other  prod ucta 54,080 

Thus  from  every  100  tons  of  pig  iron  there  was  obtained  82  tons  of 
steel  ingots  and  billets,  and  70  tons  of  finished  products.  In  the  iroo 
ore  mines  belonging  to  this  company  3,400,000  tons  of  ore  is  in  sight 
At  these  works  four  blast-furnaces  are  in  blast,  three  of  which  avera^- 
each  131  tons  of  pig  iron  daily,  and  the  fourth  82  tons.  The  ibrtv 
larger  furnaces  are  each  67  feet  in  height,  and  tbe  other  53|  l>ei 
The  hot  blast  is  obtained  by  the  aid  of  eight  Wliitwell  stores,  each  5L</ 
feet  high,  and  six  Cowper  stoves,  each  about  76  feet  high.  The  swcpf 
are  all  about  32  feet  in  diamet,er.     There  is  a  foaadiy  attached,  and 

*  StaU  UHd  EiuH,  vol.  iviii,  i>p.  534-536. 

f  Ibid.,  vol,  iviii.  pp.  T14-71S,  T<il-76H.  ud  800-806.  witb  nunien>ui  illiulnttau. 
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that  are  in  use.  Whitwell  stoves  were  formerly  employed.  The  Hut- 
man  system  of  heating  boilers  with  blast-furnace  gas  is  in  use.  Tfai 
is  illustrated  and  described  in  some  detail.  The  blowing-engines » 
also  dealt  with. 

G.  Kamensky*  describes  the  iron  industry  of  the  UraL  The  yariooB 
ore  and  coal  deposits  are  described,  the  questions  of  fuel  and  transport 
are  discussed,  and  the  cost  of  the  manufacture  of  pig  iron  is  dealt  with 
in  some  detaiL 


11.— CHEMICAL  COMPOSITION  OF  PIG  IRON. 

Austrian  Pig  Iron.— C.  F.  Eichleitert  gives  the  following  results 
of  analyses  of  pig  iron  from  the  Prince-Bishop's  Works  at  Fried- 
land  : — 


Carbon 
Sulphur 
Silicon 
Copper 


I. 


3-99 
010 
1-63 
0  013 


IL 


in. 


3-91 
0-06 
0-54 
0-011 


414 
0-06 
0-93 
trace 


I.  Grey  pig  iron  ;  II.  White  pig  iron ;  III.  Grey  pig  iron. 

Two  other  specimens  of  pig  iron  from  the  same  works  yielded — 


IV. 

V. 

Combined  carbon 

0-53 

0*53 

Graphite 

277 

2-62 

Silicon 

1-84 

0-71 

Phosphorus          .... 

0-97 

1-84 

Sulphur 

Oil 

010 

Nickel 

trace 

0-06 

1 

1 

Pig  Iron  from  Pyritic  Ores. — Experiments  are  stated  by  Tho- 
landerf  to  have  been  made  in  Sweden  for  the  manufacture  of  grey  pig 
iron  low  in  sulphur  from  pyritic  ores.  These  ores  were  first  calciDed 
at  a  low  temperature,  and  finally  at  a  high  temperature,  in  a  Westman 
kiln.     After  this  treatment,  they  contained  0*16  per  cent,  of  sulphur, 

*  Colliery  Guardian,  vol.  Ixxvi.  pp.  28-29. 

t  Jahrbuch  dcr  k.k.  gcologischen  Bticksanstalt^  vol.  xlviL  pp.  751-7S3L 

X  JcmkofUorets  AnnqUr,  vol.  liL  pp.  354-^356. 
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Utilisation  of  Slag. — Some  tests*  have  been  made  of  the  rekUTt 
values  of  road-making  materials  by  subjecting  4  lbs.  of  each  sample  to 
wear  both  wet  and  dry  in  a  barrel  revolving  twenty  times  a  minute  for 
8000  revolutions.  The  loss  of  weight  of  slag  was  between  that  o[ 
Newry  and  Guernsey  granite,  as  shown  by  the  following  percentages:— 


Dry  Test.  Wet  Test. 

Loss  in  Weight     Loss  in  Weight 

per  Cent        I       per  Cent. 


Enderby  granite       .... 
Newry  granite  .... 

Guernsey  granite     .... 
Blue  Pennant  stone,  Pontypridd 
Iron  slag,  W.  H.  Butlin,  Ironworks, 
WelUngborough 


} 


4-15 

9-52 

7-95 

14-45 

8-20 


5-47 
1914 
14-45 
27-M 

1572 


Spedfie 
Gmifty. 


2-64 
278 
2-94 
3-GB 

3112 


Slag  Bricks. — According  to  R.  Helnihacker,t  slag  bricks  are  sm- 
cessfuUy  made  at  Kraloyedvoor,  thirty  miles  west  of  Pragae.  The 
blast-furnace  slag  used  contains — 


SiOg. 

FeO. 

AlaO^ 

CaO. 

MgO. 

MnO. 

S. 

25-8-27-0 

1-5-17 

17-^193 

51-4-51 -5 

2-5-0-4 

0-01 

l-S-1-8 

To  granulate  the  slag,  it  is  run  into  an  inclined  cast-iron  troogfa,  into 
which  cold  water  also  flows,  the  amount  being  regulated  to  produce  a 
sharp  sand.  Much  of  the  sulphur  is  driven  off  during  this  treatment. 
The  sand  is  removed  by  perforated  bucket-conveyors  to  nuzers,  where 
well-slaked  lime,  made  into  a  paste  with  water,  is  added.  The  mixed 
material  is  made  by  a  press  into  bricks,  weighing  about  IQ^  Ibe*  eadi,  at 
the  rate  of  a  thousand  hourly.  They  are  dried  for  eight  days,  or  longer 
in  wet  weather,  and  wUl  then  sustain  a  load  of  aboat  250  IbiL  per 
square  inch. 

At  Ekaterinoslav,  Russia,  slag  bncks  are  made  from  granolmted  slag, 
ground,  and  mixed  with  4  to  10  per  cent,  of  lime.  The  materials  are 
mixed  dry,  and  then  pressed.  The  tensile  strength  is  about  312  Dml, 
the  crushing  strength  from  1250  to  5600  Ib&  per  square  inch,  according 
to  the  time  of  hardening.  Approximate  analyses  of  the  grannlated 
slags  show:  Silica,  :^2'5  to  35*0  per  cent;  alumina^  140  to  150; 
iron,  3-3  to  11;  manganese,  none  to  0*3 ;  lime,  51*0  to  450 ;  mag- 
nesia, 1*4  to  trace  :  sulphur,  0*3  to  0*4 ;  loss  on  heating;  7*5  to  2'3  per 
cent.     The  bricks  are  really  slag  cement  moulded  into  sh^w  and  set.^ 

•  Iron  and  Cuai  Trades  Rctuw,  voL  Ivi.  p.  824. 

t  Eui^inttriiig  and  M^nintj  JoumcU^  voL  Ixr.  p.  4«jO. 

::  aay  Worker,  throujih  thd  Sn^netrutt;  atui  Jfimtn/  Juumal,  vwL  Uvi  p.  JIH. 
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ia  hard  in  about  ten  hoars.     The  results  of  mechanical  teata  areik  ] 
gliven. 

A  alag  brick  plant  is  intended  to  be  laid  down  at  the  I 
Worki,  but  hew  the  matter  ia  still  in  the  experimencal  stage. 


\\.—FOl'yDF.Y  PRACTICE. 

Variations  in  Cupola  OesigIL*— Tne  efficieocy  of  a  capob  fa 
melting  in>u  dep«n>l«  t>rinci[iallr  «n  the  following  poiDts: — L  latk 
quantilr  of  meial  melted  is  a  gn>-n  time.  3.  Ia  the  qaandET  mdiei 
in  a  ^xsta  iiit  vf  i.-ucK>Ia.  3.  In  ecoaomj  or  ihx  aXaa  ot  fad  Med  to 
«ach  tuu  v>lf  iroD  mehed.  4  Id  ihn  tax  ami  mtaintj  of  wi  iliig 
i.  1b  o-'Btiauwis  mt;lcuu:asl«a;;  sd'itfdired.  6.  Is  giving  perfect  cast- 
iaj^  ti>  iih«  end.  7.  In  freedom  from  <:ii^:«i]ig  or  haagio^  &  Inivaii 
deotcuccioa  cnf  lining.  !}.  [a  i  miill  wasCe  of  ciulled  iron  »i  fiae 
3lK>i.  10.  la  A  ioiiili  iosimdtm  of  sol^hur.  IL  .SQununn  lueariB 
ftvpiu^a-^  utd  in  ^oveilin^  auc  ntuse. 

U  in  ^uuenuiT  4uuu\w<;d  ^hiU  Lhe  uneven  <tiaGcibiitiaa  of  cbe  biaa  it 
nho  it^aiKiA  •Irxwbiuili  rAi  <ibc;ainin:;  die  besc  econam;  if  fvaL  No 
ner*  iiiarw  lineii  <ti  inmarKudov  ■:ua  be  lirawn.  bat  cnpolas  ma.j  rac^lj 
bu  tiividitd  iucu  die  loiluwinj^^taa^s: — L.  '.'npoios  actempciiuf  Miauoaj 
bbroujjii  :be  ^irnuij^menD  ir  jiiiipu  of  dieir  taynrML  3.  Cnpolaa  aCBtMi*- 
iujj  DuouiJiuy  by  ^titumiian  -n  dietr  rertival  MctiDn.  3.  CapoEH  ot- 
uiuyiu^  liu[-biiki>c<ir  iitilt!>uiij:uu ':iicauin;^.^pHWiL  4,  Cafwlaa  ompii^ing 
iuduuuu  irauf^iic  J.  <.'upuiafr  inni  by  zn&  *>■  Capulaa  acrantted  &r 
luu  iiijek:liou  oi'  lii,  ^^jui,  'jr  'iiucr  -fubscauvcs.  -^  ahuK  <ti!acnpduB  id 
cuuii  -ivirii  jt  -.ill;  .utiuUii  known  binder  die  luimea  <if  Boeam,  WinJa, 
L'bwiuti:,  WUitc'iiub,  lilakeu)',  tirigar,  Iuvtbocb,  PazBOD- CuiliaiL 
I'riuc;,  Whiting,  Hiiu^^r,  VVi-m,  Juiuiauu,  Masaey,  Voian.  GfcmeriBi 
Kr]),  N.ia-afbtrti;,  xi:. 

\i.  >.  .-siiuiiii.'i>  -  ii34;iisa«  luutient  ';u[>uia  practico,  with  mmsai 
VKiei'-iii;';  ru '.lit  uiLii.jai'ju  'i'-b<:  ■jiiysiM  -it'  <:asc  iron.  The  elFect  tf 
-ui[iaiii,  -iiicuij.  ■■uvn.'.i'-iii.--,  :uivojiau<7i?c,  ';arbuD.  'nmbineiL  <artian.  at 
:iiJu^iit;<.    'i    ij.!';].-!!.!.    iLibrritii,    lipisuiaiiy  raasj  xtkd.  upun  i 

■    >.,.  ..,:  .■,«,  ''.u-w  ..■ti.^.'L,  --^..Ivi.  ;^  .lUl.  7uL  l»u.  pp.  138.  U! 
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oeek  of  the  r^  it  marrie  ia  m  ileere  whkh  slides  into  the  chill  rnmld 
far  enodgh  to  maice  the  shortest  roll 


JUeorering  Iron  finom  Cnpola  Slag. — VT.  J.  Keep  *  deals  wii^ 

the  rtcoTtrj  of  iron  from  cupola  slag.  Tne  material  is  crashed  and  nm 
throogh  a  dram  washer,  which  retains  iron  shot,  &c,  whilst  the  dig 
awi  coke  are  carried  awaj  by  the  water  flowing  through  the  mOL 
This  plant  is  compared  with  an  old  form  of  trommel  which  was  med 
for  the  separation.  In  the  new  arrangement  2928  lbs.  of  iron  vu 
reooTered  from  8280  lb«.  of  slag  after  large  pieces  of  iron  had  been 
picked  oaL  This  amount  was  produced  bj  melting  60  tons  in  the 
cupola. 

8peciflcatioii8  for  Foundry    CastingB. —  Some  specificadons 

adopted  f#r  foundry  castings  have  recently  been  published.!  The 
chemical  requirements  are  as  follows,  exceptions  being  made  for 
particular  cases  which  are  mentioned  : — 


Q;i;<w,.n        Salphurnot    Phosphonu     Mmnnaeae 
aincon.         to  Exceed  Below  nol  Above 

_  _    '  _ 

Hard 1-20  to  1*60         0*095  0-70  0-70 

Medium 140  to  2-0  0O85  0-70  070 

Soft 2-20  to  2-80         0-085  070  070 

_  i I 

The  physical  tests  are  also  given.  The  transverse  strength  is  taken 
of  an  inch  square  bar  on  supports  12  inches  apart  The  follewing 
table  shows  the  limits  for  the  properties  mentioned  : — 


Transvene 

Strength 

not  Under 


Lbe. 

Hard 2400 

Medium 2200 

Soft 2000 


Deflection 
not  Under 


Shrinkage 

on  12  Inches 

not  Under 


ChiU      I 
not  Over 


C.   \V.  Friend  |  gives  some  fluidity  and  hardness  tests  of  various 


*  Tfip'T  reft<l  heforo  the  National  Association  of  StoTe  Miuinfactiirers,  through  tb< 
Irfm  Agf,  vol.  Ixi.,  June  9,  pp.  6-7. 

f  Iron  Afjf,  vol.  Ixii.,  September  29,  pp.  4-5. 

X  Pap^r  re^d  before  tlie  Pittsburg  Foundrjmen's  Association,  Msirch  1896,  tintwgb 
the  American  Manufacturer,  vol.  Ixii.  pp.  440-44L 
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an  elevnted  truck  on  one  aide.     Three  cupolas,  84,  72,  *ad  51  b 
in  diamoter,  are  provided,  and  five  jib-cranes  are  need  to  haii&  ^ 
material. 

A.  Ledebur*  describes  and  iUnstrat«3  the  WestingfaooM  Bnkt 
Foundry,  and  various  foundry  applianc^-s  are  also  referred  u»  « 
dascribed. 

A  Chiaese  Foimdry. — Some  photographic  views  of  a  C^bmm 
Toundrr  liave  rvct^ntly  been  published.!  A  somewhat  chaotic  eondiliat 
of  the  dcKir  and  eiemeDUnr  appliances  is  shown.  One  cnpola,  abant 
6  iWl  in  heii:ht.  is  made  in  three  ptvtable  sectiona,  and  capplied  with 
bla^  bv  hauii 'mUows,  tiuwi^  a  ait^lt  tnrere. 

ToKOirj  Apf^MHetS. — S.  H.    ScnpsUioff;    adrocatii*  the  aK  of 

Lkboi^r-saT'.u^  az'^^Iiicoe:-  :vr  ''■'"■^i"'*  p^  iron,  sand,  and  eokt  in  ike 
&>aB<icT :  ±ki^  of  a>iJt^^ubi'e  axe.  and  otkitrwide  aaprvnd,  to  enabie 
th#m  «o  i>!  ai'.<n  e&kli  tua-iieii,  ixwd,  and  itacvd  ;  the  ue  of  BooUiDg 
auirhiu«iN  vii:k!jii^  sutd-bUiaz.  aoii  ciuDun^-taoIs  for  ■-!—'■"■»  and 
.iR«»3^  cd-isi^^  L  ian-i-ini:iec».  and  other  appontaiL 

U.  M.  K.l3i:'^  jtiT'iL-asea  overhead  sroilen  ^c  ^t '"•*'"'»  naatcnai  in 
6jiui<irit;«  ::i  vr^iVinDi.ti  to  S:iT<-ilin:r 'nvie&  The  troilecs  rna  on  angle 
t;vectieu<i  ^^  iad  <.-aa  '.-airy  <rith  air4i&  or  other  atxmBgtnaiU. 
Xuvh  iiiicuiiiuuii  endued. 

L^win^  in  iiiiiiiittbed  'nv  F.  Fr-voc  |  of  a  L^-toa  tarethn^ 
douudry-^-nue  jf  ^e«iai  <.-un&cr-ji:dun.  Two  laanea  .rf  KmOar  deogo. 
but  -A  J  '.ocia  ^apuuity  duuii.  wun  ^owa  ac  the  Leipgij  Exhibcion. 

Xj  .1  ■■v'lKci  liiuiidry  in  Hcadinij,  Pennsylvania,  a  very  complete 
i^ieucric  -iioui  ':ia&  bt^Q  :ajti  iuwn  Vi  vars.  uta  <xnBes,  btuwen.  in-i 
'jtuur  aiiwitiuvry.*  X:i  .luuoiuit  iiua  ^iau  been  nuiiiiahau '*'*'  iif  vatioai 
r>:ceii:    niftrgvsiurfKs  :ii   uiuidry  wiiiiiuioi:^. 

Moolding.— <~--  —  MiiiiLns^-^  ir:icnue».i  a<jrtaiiie  pneamACiL- rumne: 


■  ..J^tr  .  v^nwm,  -«L  liiL  19.  ttS-^W.  snh  « 
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Puddling  Furnaces  in  Soath  Bnssia. — J.  Tliieme  *  sute*  tint 
flt  ilu<  Kunioiiski  Works  there  u%  6v«  doable  paddling  famacea  wiih 
■■t<>)>  gntrs,  tivo  others  of  Uie  Dnieper  Works  trpe,  with  prodacer  mi 
nvu|>er)ti<u,  unA  tvo  routing  Pietiks  famsces.  At  the  Doneiko- 
Jurjcwski  Works  there  »re  twelve  puddling  fummces  of  ordinstj  tyyt 
lAkm^  0.13  t<in  ch«nre&  The  pig  iron  ase>d  is  t«keD  direct  to  Uk 
molten  stHle  from  the  mixers. 

tTtSn  MuofaCtare  in  Cauna.— An  ilhumtcd  account,  largely 
■vmsiRUrig  of  quotationf  from  Kichthofen,  hae  reeently  appeared  on  Uie 
ir>-«  in<l>if)l-n-  of  ^hwiM.  Irftn  ores  iwcnr  aliandaiiiJj  in  lerenl  ttraU 
of  xhf-  coaI  forniotion.  The  Chinese  cse  onhr  noe  kind  of  oik,  whidi 
ntfills  nasily  vii^oai  the  aoiiitinn  of  but  finx.  It  comasu  of  a  mixture 
At'  o\k\  iron  ore  Mnd  Rpitnhir  ore  tnpoiher  «'iiii  Ihnmiite  and  bcmatile, 
anti  ^eonrf  in  in^nidr  auMimalaCions  in  osnain  Sjaestone  s&au,  tt 
the  hot-t-om  of  t'hf  Roai  fnrmuinn.  Tai-vsa^-tAaa,  90  li  »anit-weK  of 
Tw.rhsn-fii.  Mi'\  K nil  pine- hi m  ««•  the  nniy  placeE  -wijBrt  aB  Uie  ima 
piwJiice*  ir,  tlx  fiisr.rici  is  melled  from  the  aws.  Xotlung  at  aD 
HnproBj-hitif:  ir.  ftpppimiiipe  n  Fjirnnfmii  hiwn-fnniaot  is  in  sac  Tb* 
sm-'ltnic-i'lFWc  li-  HI.  mclinen  pliuit.  f  fefit  ionr  Ba&  5  fem  vide,  h  k 
.•rvtfweil  oij  t.ln-  iwr  iotip  iiiiiei'  hy  Inam  walls  4  "fea  hu^zlte  i^hiic  aie 
»nii  fhi  i-ot  MTi  oni'i..  Kin:  it.  tiip  fourth  aiflt  it  joiw.  a  smiJj  uid  W 
lint  wl'iol  coiitmn-  thiw^oiJM.  heli'>w«  anil  the Twr- men  wtiMPtn  iL 
Th.  Hno;  i>  ^invre.;  v;ii.r.  :,  tnyer  o:  small  pieces  of  ■tislmciie.  T^tB 
tl>i>  iri  11111  nhoiii  !">'■  cm.'.inift*.  of  nreciay,  "IJi  iachee  liinii  uid  8 
Ji'.'h"^  ivi.t^.  fiM)f,si)uni.  ,,  nii:iuiri'  or  smal.  nincef  o:  mirin^m*  «« 
,.rn=l-f>.,  ir'O':  or--  A'  Siifi™?  hntwiwij  tiiejii  ape  coTofall)'  £Dsd  *ld 
-,.,|Kt-.i>;'c  r,..,,  srMie:  i;ii-.>:  o;' piftcpj.  n;  thir  fii«l  pni  nti  ifae  i^  la 
»,■«"'.   Aff-p'  rei."''»'>  iHi   sm.-li-inc-pljMWi-  xtf  Ifi  bv  fi  test,  and  oohikb 

■     «„.    "".,   ^Vw..  Tni.  irii..J>(..«l««i«t 
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by  liftir-tt-iloz«rj  men  with  goat-skin  bellow*  working  nearly  til  da; 
iuriiti  A"«l  tliu  iiiollen  metal  runs  out.  The  metal  cannot  be  forgtd, 
ami  »  only  uhu<1  tor  ]>riiiiiiive  agricultural  implements  A  dufs  wgn 
yiiiliU  nlioiit  7Ei  llw.  of  moiikl,  and  the  workmen  earn  the  t-tjuivalrtii  ot 
hIiiiuL  lIiti'ii  liiriliiii^!!  diiily.  I 

Iron  UaQUfaetore  In  EthiOpUt- — At  Finfani  in  Etbiopia  iron  OR 
iaW(irki>il  o)H*iw«at  Irom  a[ipareiicly  rich  deposits.  Tbe  oAtive  faniacc 
(at  aiiK-llin^  th»m  is  of  funnel  shape  built  of  clay,  with  a  capadiy  of 
ft  III  II  );a1l>>ii«.  Blast  is  Gupplied  hy  four  bnckskia  bellows  woiked 
hy  i«»  moll.  When  the  furnace  is  well  aliiibt,  ore  broken  into  soall 
)tt(>vi^  aiiil  inixivl  with  charMtal  is  chargeal  in,  and  a  metal  plate  teAied 
wilh  i'Im)  )s  ii«ii)  u>  <-l<tse  the  miwiJi  oi  the  fnmace  except  for  the  bUa 
t«)<(>iui)|;.  Thr  »;>iMi]!»  prxvJacvd  is  rrmoved  from  ihe  famace,  cooled, 
J4rv»i.»>»  Ml'  »«l'i  frajnnenl^  and  aj«n  chu^t^  into  the  fnmaee.  Duriog 
lilts  «rs\M)>)  •^Jx<^a1J•^n  lite  heijom  a»  plaoed  ai  tae  npper  iusteMl  of 
)W  ii>'*'«>T  ;^aM  111'  lite  rama.'v-  Ti>e  liJAnm  if  wii^drmwn  when  il  hat 
MiitiWKM  A  J^*^^  'sin.^iu.  in.  ana  is  Rtmuriei:  «n  a  flai  t/utne  Boring  as 
a«  MiM..  a*>'^  ivoun-i  T.->  >irnao  'Uiiz  naftv  wvaruiif  fro^  IS  10  19  Tm. 
A  h^-^  ^M^ilt  ^'  ntrsa  i»  lo-jidotwd.  anc  is  wakt^  sp  into  bita, 
M»9uirv  t.->'ir  iui:n<Hk  3»naf  loUiuv^  pwnros.  imc  uk^  W«od  obIt  it 
Wm/v.  ii'iJi'iu'l.  fci.  nuijirra'  rH  (vibl  »  Cnn«ri  ia  Oc^e^icA.  :wv  daji' 


1    (.1;    i  -.i^^.,.  \    ^lijii.ittc  mio'n-  I.  tiHtimictra.   la  CirTMfi    k  aaare 
i-,i»  ii.wiN.ia.ijji'T  II   un    twsii    n:  ~;.ii)  T  lour  l.iULUi)^     T&t- ncxatt  if 


^fiiwr^ot    *i    >rM. 


I  I        IS  W     I    I       M  !■    ■■]«  I   (.1 


iSS  TDK  UUiH  AMD  SIZXL  CfM:£ISZE& 

0.  Pivuiunt  *  ^<n»  Um  rautto  of  mm*  okm^v^imm  ml  iW  vn 

|Utli)  i>I  :i:1^  buiim«i,  A£-i  fi>nne.i  ^   ..i.^^  :.;  ..i ;   '-„   -        I.^^  -r-i:>j 

Mv  ^v«u  :vr  hjuau^rs  of  vari-jiu  v«^au^  rui^^m^  frim.  bASii-OiUEsun 
(o  *I:Wj;f«.  TLie  w«ic  ■i.jQ-i  La  •eX'.-ec'riijojl  ■=!!«»  wa^ps*  u  iira  a>  ?>> 
rvoi-Ibi.  vcc  jccva-l,  bii;  :iit  m.'>c>:  il^o^  oo^sm  u  L'jij  «>  I>j  f'Mc^at. 

The  Use  of  Presses.— TIih  lat  ot  pPiawa  EnatMaii  oc  ««ul  OAmKn 
U  >iidCl;;jiW^i  '.-V  t«.  )I,  Dtk^iKu.*  In.  ^  'iooK  -jc  oiuusiErL  iie  'lowarst, 
tht!  W'jrk  is   i'iu<;   by  ^'tiRiuiiiiJii.  .uui  ia  ML-a  3r>!iuiii<>tiu  i  htriet 

Jiur^iue  'Jl  iot:  ■.ijipii  niLiv  :n  zain  war  be  jCKUnieu.  wiLnucc  zna  ^wc 
uoiisina  '■•''it'iii-^ii.  'M  uiiu  ioinjc  'iuK.  Tbn  .uiQua  iit  rsiii  act^  at  mr 
<iUfi:nuL  li  -ill:  fn^'ic  ib  ^ni  iariH  ^h  pnae  ampiy  mmuiu  ic  ^je 
u[M>it  it.  I'hu  jiivruiui^  ii>  iiiiCiiiiidy  wicii  zaa  prsiM  aa  R^oris  fiol 
riMUitii,  -iiiii  ^tiu  iuuiiir  'ib<icni)rB  zhv  •'li&PiUt  :iinD8  ti  presi  shaS  iAie 
Immu  it;Iii^^ll?j,  '^iJt:*:tUKF  wicii  uitn  metuuiiii  tor  oie  indmnn;  nci^fSH: 
•ii  itbuiu  .t£  Lilt]  iourt;*)  <i['  jjuwtr,  ^m  ;irTaci^iiu)D[  'tuviseu.  hr  iuntdelf 
b«tiii^  ifieciaily  :>;('t:rr«>i  :u. 

Forging  Steel  3baft&  —  'i-  H.  Bryant  ;  acices  duic  SJTipp'i 
lUDCiiu'i  >['  uiiiktuij  ^eei  iiiuiis  '.s  M  uabt  :iie  mgot  chrtte  ^uiies  ^ 
^t)  'it'  -.iit:  diusiiixi  liiuit,  n>iuct]  :t  :fy  iiyunuiiic  ronpn^  mm^i^n— ,  iii>i 
liuiiily  :o  Kim  'juc  '-he  -joiitre  wiieu  <:uid.  Fruu  diti  ome  dw  ui:rric  l« 
uttBt  'j[Kil  tile  ->uu.it  -.a  diiisiiBii.  -.lie  work  i>  auL  ailuweu  ;u  m  -aii^ 
III  .Uuci'iuuiU  '<rat:tii:i;  tiic  lUic'ib  la  ':aat  owicti  ^tie  diameter  <jt'  :ile  «iui% 
uuuioi.  'uirii,  rviiciitbii,  uiii  T'or:;^!  iivilow,  mt  'jbjtrduiu  jra  akaaztj 
liiiii  uiviiiu*!  :u  favuur  ti  'luX  'it  Kni).>[>. 

Electric  Power  in  SoUing- Mills.  —  tx  B.  <Jliuk.^   icau  wra 

'.'iifkLi'iu  MdijsUjLKLiju   ^i  ;'uwri-  :u  -uiiiu^-uulJa,  .icu  ^ivea  i«>m«  .iu^iaaii 

'Jl  :ile  !  j^i^   .uvVD    .'l;'li;^  'ivcllLy-iuuT  iiuun.      The  otimat  OUy  ':j«  :lei»i 

:i>i-  .i:iiiuiig.  :')i' 'iri-iLij,  •ei-wo  luuwjra,  ?or  '.TUie^  iiuucs,  .ajnveyijre. 
'juiU'^iUj^  :ii.it.iii.'ii.c,  ;i.jio  rvi.un,  :c:uisier  -ruuke.  ae. ;  for  'inrui:; 
fiiuiii.  :u'.vui'9    'jjLt.x.^'^    iiL^i :uii,i,c;utiy  :ot  lauieii,  siicanng  auciiinM. 

*    1/. "I ,.!-■.'         I   ^  ..:■.   :..'  .  ''.(  .ii;.<'.  1  'irt.rf,  'ui.  ',  ;>(i.  iin-rnX  mtn  -llmTTiniM 
;  !■*,''•'■'-''-  ■<"■'■-    -'■    -*'->:. u,>iL.ui>uL  Kbiiiu»»i.,:uiuU)(U  mo  ;fwniVaa«&rK«. 
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word  turning  out  more  than  three  times  this  quantity  of  eTen  ^indi 
plAttfi  per  fthift,  while  other  mills  rolling  |-inch  plates  and  upwards 
turnod  out  as  much  as  120  tons  per  shift  It  was  by  such  derelq)- 
mc^nts  aa  these  that  great  economy  had  been  brought  about. 

Wire-Rod  Mill  with  Roller-Bearings.  —  A  wire-rod  mill  has 

itH^cuily  lHH«n  erected  *  at  Bay  Way,  near  Elizabeth  port»  New  Josey, 
in  whicl)  tlie  finishing  mill  is  fitted  with  roller  bearings.  In  the  mill 
the  bars  3|  inches  square  and  4i  feet  long,  are  brought  down  to  a  |  inch 
l^Uot  in  oloven  }\as$e^  in  one  set  of  three-high  rolls  and  one  set  of  two- 
hi^ih  iwlU  This  mill  is  16  inch,  and  nus  at  100  reTolatkms.  Tne 
IDI^rnt^iiiaK'  mill  is  a  thrM^igh  104Dch  mill  witii  three  stands  of 
W\1K  nnmini:  al  ^M>  T>^ri\]unon5^  and  hei^  the  rod  is  ledooed  to  f  inch. 
X\x^  t)iu^hii^g  mill  <\>):)^$;i$  of  six  stands  of  uiree-bigb  94n€ii  rolls, 
xirixTW  k\  ;W»0  ivx  ivm^iMis.  The  capacinr  wben  rolling  two  ^-inck  rods 
ifi  ^\4.\\>  iw>  144X000  ]>«&.  The  bMiizLCS  «adi  comain  twentr-foar  steel 
ivsll^r^  f  )tiri><t^  ivmir  and  ^^  inc^  in  diasDeaa-.  beid  by  a  cyiindzical 

Tiktat  ^   RiftUnif-KIk.  —  Himcnsafos^    ka^^  appearedf  uf 

)u.   ^14.);  kuUcfOTtT  C    f*^   Bf^nrihf^   sn£  dihisanaef   a   xtev  form  of 
U^\'^ii^  t^hif  Y/c  4.7i«j)ti^  n:  rnlti^     Ji  niirr  liiLF  js  ttxit  «ind,  porodng  a: 

Sfhua^^  l[^9«r  SiiQilC^XiE.  —  Ilmscsnciumii^  izsiv  asonndf  of 
^u»»  '1 V   u^mo  "^alinur^miL       J;  «f  i»  T-wi-juci  mil  'ws^  la*  xsoer  rski 

«A.*s    ^>  t.Th\-i    ti-.    v\f^.<  »\    i.h'  tiU   ftaoT^  ~UUE- iriuiusziir  «1H  sitiaaarT 
H«^•   'x^  \.«.iiAin.   it\    vr^.-.^ir'^    ^*j>j}iTuima  :wuUA<n  n  tiitt  nc  jciioofc. 


>«<•.-       ^        far   ^      ,  ^       •«!{,«      aai     i^Wkti;'  OM 
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nt 1  Hii'i   it"?  (|ukkn«i»  of  llie  work  referred  to.      At  Loruq  ii« 

l)>iii«iii)f>i,  rolU,  iH'nritigR  ami  chocke,  weighing  40  tons,  m  picW 
ii|t  limtily  liy  nil  ovi'rhcail  ek'Ctric  crane,  and  dejKtsited  in  a  ■p«dii 
i>)iii|i,  wliili-  a  piiinlar  wl,  built  up  on  a  dummy  bed-plate,  is  carried 
liver  mil)  ilrDpiH'il  in  itA  place.  The  entire  stoppage  of  a  mill  for  roll 
i'li!tnuiiif>  IN  iiiii>  liiuir.  The  sawing  of  a  rail,  eav  100  feet  or  over,  into 
lliiyo  li<)i|;lhii,  i«  offi-i'IfM  in  one  ojtcration  by  four  saws  which  advinw 
Mill  till. -xiiMnxlv. 

A  lav^.'  .niiiii-usitij;  pl.iiit  frtmis  part  of  the  equipment  of  mxnv 
inxdrtii  tiivlworks.  It  taki's  the  ^leam  from  all  mill  and  anxijiarr 
<-niiiiir».  aii.i  m  I'pii*'  .>f  imcinilftr  working  of  any  indiridual  engine 
fiiv<>>  o«  ilio  *vcr*i;r  *  e>^ns'4ni  vafuum, 

Xht  .•ii'pli.-m.i.^ii  ..!  c-V.-ir !.-*";  ari-^rsinR,  esw^ially  to  eraser  nnier 
tn.'tti  inini;  oiwrt;ii.i\*  of  i'Pit.  rlin,  and  i-wasionaj  oTerloaii-Jig  i* 
•■li>j...in  ill,  ivmsitic  at'.".  II  1*  !.-'ci-a  i.iiu  \i.'.f  class  of  machinery  a\et 
vi-;y   i.HU  itvr.h'(. 

M  i)if  r.iv.->-.:  'i?..i,  M'il  S;ji":  "Wnr-Kf..  iwfcT  ri;:la3f;i-"Lii.*  iat 
h\it,tn.iuf.  n.,..  \>  u  Si'-iiiii  [•■.■■-i.;;i  Tt-vdrmi.;  hi£I.  ciirti.  'sy  a  z-ur 
n:    .!i''.n'.'l    i  i    i!i'' •(    I'lii'iii'-i,    piiari't   rvi    -■:    (o*-      Tirt  ixi'it*  are 

.>(;ii,:>jV.,  v..\     I  >-.,-.ii.ii.    Ii.hlillil.ili.i.fi'^       Til*  nJ^    LZ-i    fliT-lIf  h^  szi- 

>i«>iii'-.<..   !>    h  :ti'-r,ii    i>ii'.',:.-i.    -.n.-i-iiiii:   iruii",    Li'L  TCiTiici  wil  a 

„i,  finin,-;!,  .1  ,1..  •■i«jTpi„.i» ;...-,  r"H!  ii»T-i  »-iu,  ic-i'Ciiwsr  raa.  Tm 
ii-A.!ii,.i^  ,>  -.V;  )».viniiiw  tiiil  *inni"  ui>:>i  nuMnni;  iuL»  ui^  ^?  u.f 
*■>,■.•.        '."'■     •i-in.i'.i    •«»•    ii    iiv   'I'i'.lii.'.:  jof^  1.1   UH   l*!-ini   iLil- wii:l 
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CONTEXTS. 


L  Th«  CftrbnriaAaim  of  yUHmhlt  Inm -04 

IL  Th«  Opea-H««rth  Prooaas 4SK 

UL  The  Baiaemer  ProG«» 510 


L—TRE  CARBCBISATIOy  OF  KALZ£ABLE  ZROX 

Cracible  Steel  TXEnace&, — An  illostrafiion  has  appealed  *  of  the 
ton-hole  crucible  furnace  at  the  works  of  the  Oeacenfi  Sfieel  Co, 
Pit&»burg,  Each  hole  takes  six  crucibles  and  is  tired  with  oatozal 
ga&  The  outturn  is  IS  tons  in  six  heats  daily.  The  vo^a  also 
possets^  wwo  rour-hoie  and  two  six-hole  fumacesi. 

According  to  Eisenbach^t  Fiat's  old  fbna  of  crucible  fiiziuce  was 
provided  with  an  additional  crucible  with  perforated  bottom  mto 
wuicu  the  metal  co  be  melted  was  placed,  the  metal  noc  being  melted 
in  tihe  pro^»er  crucible  itself.  In  this  waj*  bj  a  perfect  seporacioa  of 
the  metal  rr^'m  tht*  r'uel«  vvhile  the  metal  itself  was  liirectlT  in  contact 
with  uie  daiue^  a  more  rapiii  lusion  resulted,  as  well  as  a  saving  in  fioeL 
The  ^Mnlcl(.ue,  too«  iaste^i  longer,  and  labour  was  also  sared.  Sfcil], 
dttipice  nhesM  advantage^  die  furnace  did  not  dnd  much  fiEvour  in 
manj  kinds  ot  roundry  wurk»  the  result  being  that  it  waa  sib- 
je«ted  "lo  k  leugcueued  5<?nes  ot  experiments  A  result  of  these  is 
the  Baumaun  runiace.  Tins  is  made  m  two  forms*  one  of  which 
atrvtia  as  .^  crucibie  funiace  tur  :he  melting  or  iron  and  otb^  metadi 
And  alli>yS|  and  the  otht^r  .is  a  rapid  cupola.  Both  theso  forma  are 
Qow  dtticribcd  and  illustrated.      The  drst  form  is  oi  the  tipping  crpe 
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casting  in  tli«  Tnitoi  Suws  is  from  80,000  k>  lOO.OOO  una.  TW 
rxtrnsiTc  nse  of  st«el  nstings  for  th«  Nary,  3n<l  th«  possible  faan 
of  th*  manufaetore  of  east-sM*!  gnns,  »«  &I50  mentioDcii. 


II.— TffiT  OPES-HEARTH  PRC^CESS. 

EcoDOmy  is  FtUHACe  WortJn; . — On  the  Cootinent »  con;»d«n}ile 
unoun:  oi  ucencion  U  ao^  bein^  deToted  to  ecoamnT  in  fuel  in  famaet 
wurluD.:,  3ii>i  F.  TuUt's  *  tmuisv  on  regeoenciTe  gaa  fiiniaeea  b  one 
of  ta<!  ud^  iuiportaji:  iMambaciond  co  the  litermSore  of  the  nlgect 
that  bad  yet  :ii?iitrarvt].  la  -140  pagea  it  gi^iea  vi  vxhanstiTc  deacrip- 
tiuo  of  tht;  sci^Dtitio  ii:ica  on  wtiicii  die  calcnladon  of  the  dimeBBODi 
of  ttirnarKs  sooulil  bo  bad«<L  The  treataae  is  diTideii  into  three  KeCooa 
— tu«  dr-sc  .It^als  with  fuels,  soiiii.  liquid,  and  gaseous,  and  witfa  elmtrie 
enerv*.  ui>i  with  the  dieorv  of  comboacioB :  the  second,  with  tb« 
ile^k  of  Kgenerative  furnaces :  anil  the  Uiird,  with  the  c^IcolaaiTa 
of  the  <Iiueiiiiion£  of  Tarious  types  of  fnnuce,  the  examples  aiJeaed 
being  '>i.<en-Uearth  ttirnaL-ea.  cuke-OTena.  ^aa  puddling  frimacea,  iioc- 
blust  stove*!,  iind  rewnerati^-e  furnaces  with  01]  firing. 

The  c»icuiatiun  of  cue  lUmensions  of  a  liimace  bominz  peCndram 
neiilue  is  jueciailv  inter«Etin<;,  in  uutt  this  product  ta  oov  beins 
obtained  iz  Baku  in  vast  ifuantitiefi.  The  author  ahaws  ijui,  tm  a 
rule,  peiroieuiu  is  economical  as  fuel  when  its  price  at  th«  wmb 
per  unil  of  wri^hi  is  equal  tu  or  lesa  than  ~J'<)  onita  of  weight  of 

In  a  vceil-':H<utiti  voiume  if  1.12  paces  £.  Damoort  baa  snmmaineil 
his  im[>i>nan;  lutiuoirs  vuiv:sbeu  at  various  nmes  in  Frentii  tedmical 
joumais,  Thi>  rp^ui:  :s  .\  Vt-k  of  reiVr«nce  of  a  tfaoroo^UT  naedat 
characErr  'lU  :'qv  UtiiiTta;-.:  ^cbjevt  01  ecunomr  in  fomace  headniz:  b 
is  the  work  n  ,iu  'i-,;;-.:irr  i>i  Ions:  -xperienw  in  openciotia  of  ::baE 
kiuti.  but  M  :iie  ^auic  :inie  f::ll  ooifnisaDce  is  token  <]f  me  prozT!^ 
of  stieuoe,  for  :iit  i-i^or  :s  .il-lc  :o  iedun  from  :he  must  cecent  <iaa 
of  tUKriuo-t:i:vUji:>:r_v  i  .uu>i-i«m?  '.'s.'rvTr  ■>(  the  Utilisation  of  heat  in 
furiJitcesol  vario.is  '^uri;^ 
Taking,  an  an  ;..U9::.t;ivi 


I 


maf  tm  ma^  in  tiat  «sf .  n*  pig  mm  cnfiUhw  a  liul«  lUiram  and  -. 
litti*  pbdiplMrai.  Iron  «r  Mad  Kzaii  aaf  be  eaplojred  m  long  u  ■. 
dot*  BOt  oMiUtB  Back  Miyfcar,  tiM^  it  nmy  cowtain  pboa{)lia(vt.  ^ 
fart,  U  may  be  oold^ort,  bat  mat  nd  «bd«t.  Tb^Mnoaatof  mMalBui 
eouuiiuag  Urtb  HiJiAaT  aad  pho»pbofa»  is  my  «kbII,  so  tint  tertf  <  < 
Hut  nUsn  w  not  to  be  fcaiui  8a^  &oai  fauie  steel  works  i«  exK". 
dnly  uanl,  uml  ihm  Knp  &i»b  the  itMRng  fnniace ;  aad  it  is  eteo 
impoetHl  to  laaBnlartnre  tbe  senp  Rgabriy.  u  aueotioB  n««d  noJy  br 
dirMtod  to  tlw  iwmmi  of  aUieosi,  salpbni,  aixl  dader.  In  Aracnca  tbe 
rotary-fonyMe  ia  vard,  wtd  at  Wiikawiu  sauD  acid  eoanotcrs  u* 
vaiplaycd,  and  tbe  nxdlcn  taetal  rua  direct  into  liie  opeo-licartfas,  wbicfa 
gire  nx  or  •rrra  btats  in  taeaty-fosr  boon.  Imporitiea  u*  vmanA 
by  oxidatioa,  sod  rveubonni^  is  done  witb  fnTO-inaagancse  or  tniL 
euban.  Poling  is  poaMfCiafS  rveovl^i  to  to  aeeeleiate  mixing  To  t<^' 
rid  of  dissolred  onde,  tbe  netal  is  smbcubms  tapped  into  so  ami 
lined  Uiito,  to  which  tbe  r>niii  ■■ni.iimw  is  addod,  and  aUoirerl  i 
•Und  befor«  caitlng.  Ingots  an  geaenUy  cast  Inm  below  in  grwii^ 
aad  are  often  roliod  withoat  coggiag  or  hammfring,  in  vhich  cn-^ 
•om  Banipnlatiion  in  ibe  nQs  is  tcqairad  to  obtain  fairiy  muuv 
platai.  Generally  only  the  nuldeet  qaaliliee  of  steel  an  ntado  by  tliii 
proceai. 

Zaykowski*  statM  that  he  vxpetieneod  at  firat  cuostdetabie  liiA 
ealty  in  making  satisfactory  ^oa-benitlt  steel  fnn  a  vUla  cbHtMi 
pig  iron  eoataining — 


He  finslly  Bncoiwde<l,  by  nsing  a  dattge  nianJHim;  of  GO  per  esat  W 
ihik  mela)  and  fiO  per  cent,  of  nenp ;  but  owing  to  tbe  low  p 
of  manganese,  diftailliee  were  PxiMTimced  aatS  Uie 
iMmt  tn  tell  the  dc^tn'  nf  IisMdrs  of  the  metal  fonmsg  the  haih,  by 
the  nature  of  the  Eparks  obserred.  He  ag»M  with  Poedi  that  a  proper 
slag— one  thai  is  no  tarn  mixtoiv  of  Inne  and  slag — is  Xfba  aeedW 
requiremeul  for  the  production  of  a  good  steel.  An  additiatt  of 
Bpi«g«)eu«n  qtiieu  the  bath  more  npidty  and  bettor  than  4 
■pnndini;  addition  of  ferro-mangane^ ;  and  stmiUriy  «j 
It  prefersNe  to  »ili««ua  pis  iron.  Siheon  malt  aoM  d 
to  the  balh  only  in  a  molten  fora^  as  it  otherwi 
•  StwU  m4  Sunk.  «iiL  ntt.  ^  sia 
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i^liimry  rt-imir,  tlio  fiimac*  was  ciiarged  M»rch  30,  1897,  Mui  na 
iiiilil  Anj{ii»t  21  of  the  ume  ye»r,  turoing  out  319  heiii.  wi)eii  ibe 
oliitrt(i<»  WiTi*  uk^ii  oul  tuiil  replaced.  No  otfaer  rej;«irs  of  mt  t»i 
More  IH!I(1p  utM>ii  any  pari  of  ihe  fnraacft.  Os  Aogest  ?{i  tbe  fsma 
WM  a^Mi)  <rliargr>.t,  and  nn  antil  Ma;  IS,  IS98,  making  623  WsU. 
Ttii*  ft>rn«rt%  liicnfrtrc  with  absoiuwiv 

iif  vli^^-ki-rR,  iHtiinj  nm  W41  Ijaus,  rtfireaenaiag  17,«£C  toiu  *{  tnpn, 
«>Vir-j^^<<)  17  hnalf  jvr  wcwl:  fcff  tl>«  eaun  ran,  and  19  bcait  for 
t«rl»-p  M)o.-iwsixv  •w-is  dnrinp  lit*  mn.  The  lowest  trnmber  fJ  beia 
MUKip  in  aiiy  ottr  «yv^  wai^  14  and  tht  Ikifbesi  3D.  Ko.  4  IsracAmtcr 
("^l  1^1*  (uuutf4i\  ^  aJRf  latae  a  erndiu.1ut  sbowing  laujr  W  nnJnr 
<^tl1  in  ^irn  run  4i>S  liriu^  ninmKOiciiip  Sf^  Uitis  of  inpott,  and 
N^-m'K^'iii^  l^  7  hotas-  Ttfir  w^^.  At-  xiik  jumau  wac  aripnaLT  add, 
M14.  Tii-n.'Ai.^Ai't  n/<  i-tiuicr  s»vf  xIuq  nf  xitt  imiiru:  wu  msdr  wiKi  liw 
>«wv  n'.-n-iw*  W8*  annracii.  ;jn  Tin.  tt  »iL  u 
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nifn  Vj  zht  nt*  ttf  mi-lMai  «*,  t^vn^tid  in  qiasua««  np  lo  25  per  «ni. 
*A  ikf:  y)z  u-vu  diUTtid.  7^  dcnDoii  of  like  diat^  bu  by  this  meaiK 
bona  rtdsDuij  frt/n  tr^lTt-  Lftrn  U-  bx  kovs,  and  ibe  coet  of  the  netnc 
toD'^inroU  firrisi  ^7  to  £5,  7s.  Tb«  prooeM  u  u  follows :  The  or  is 
fint  fownj  vD  tb«  tnmtae  htanh.  In  tiie  cue  referred  to  it  consdsti 
of  KwTi'jwuhs  urr  miiiuniii" — 


To  thin  ore  17-6  jter  een:.  of  dolomite,  or  40  per  cent,  of  liinestonp, 
in  wldnl,  the  reUiire  qosntitii^  rvquind  beiog  first  found  hy  uuf. 
The  ore  fiiMs  readily,  a  lempemare  between  500°  and  600*  C,  bring 
adequate  for  thb  parpos«.  When  this  ore  mixture  is  molten,  the  pig 
iron  it  mn  in  in  a  molten  form  direct  from  the  fnmace.  A  noleot 
reaction  ensoeK,  the  mass  taking  np  fotir  droes  its  original  volDne. 
Thii  ne«estilated  larger  furnaces  being  nsed  than  those  U>at  had  been 
forroerlT  employed.  To  save  time  the  AJexuidroTstd  Woi^  have 
|irajecle>i  the  nse  of  a  small  firtiace  spedally  for  the  fbsion  of  ^e  or& 
The  open-hearth  used  has  a  chrome  iron  ore  bottom,  the  spacet 
between  the  lamps  being  filled  in  with  cmshed  iron  ore  and  thick 
milk  of  lime.  The  yield  by  this  process  at  the  Alexandrorski  Works 
■a  stated  tc  be  as  follows  : — 


This  process:  has  also  been  introduced  at  the  Bc^ofilowski  W(«ki  in 
the  Vral.     Here  the 


RSflS  r-80  2«r  0-I5 

In  view  of  lh<'  silica  contents,  40  per  cenL  of  limestone  i>  added. 
Uniiifi;  coll)  pig  iron  the  reaction  is  mnch  lew  riolent,  and  Bnaller 
fiirnaoi's  are  consequently  adequate  in  sixe.  This  process  wsa  intn>- 
duri><l  At  thri  last-nameil  works  owing  to  the  sbeence  of  adeqnate  soap. 

Open-Hearth  Steel  Hanofactore  in  America. — In  aome  nota 
oil  Ainiricnri  iron  ami  steel  practice,  A.  P.  Headf  gives  the  foDowia^ 


THE  tKO?r  AKV  STZZL  DEIirSTVIES. 
■ad   •UvmtioD   or   the    work*    logetlier   with   oth«r   illtutrstinnt  i 

T«a  oai  of  lb«  twruty  46-toD  furiiac»a  at  the  Homest«&d  Wcriu  faav- 
b«Mi  wmpletMl,  atid  of  thU  i>l«ul  k  |>hui,  elerAtian,  Mid  some  liei' 
Ihiv*  r«c<-Hlly  Wu  publisbrd.t  The  urui^eincDt  of  this  first  bilf  < 
th*  work*  wiiiuU  of  what  ue  pr»cti<»lly  two  separKte  aad  ind«pfi»l«^ri! 
f^ritUiia  nf  fira  fUnutces  each,  boiued  in  one  building,  e&ch  groaji  beic^: 
i1I«{k)«>h1  on  i<ithi!r  «id«  of  tlie  cenlnl  line  of  the  main  building.  Tue 
funtacct  An>  in  two  Iium,  with  the  casting  side  towards  the  centre  of  Hi- 
a  building.  "Thr  a|)ace  between  the  two  is  cov^n^i  hj  two  givnpt  > 
oTorhiHul  Iraveliing  cranee.  The  furnaces  them selrea  and  the  diar^iiij 
flitor,  which  are  in  the  ImumA,  are  cnvend  by  a  40-ton  cnuic  and  a  IS-hm 
crane,  lli«  f6nn«r  to  ht  need  for  handling  a  tadle  foe  convrjiog  makm 
metal  fruni  a  met^  mixer  at  tbo  end  of  tfa«  bailding.  The  air  and  ^ 
chamtien  are  in  front  of  the  famaoea,  and  are  of  exc^puonall;  anpb 
dim^nninn*.  Althuogh  tliey  are  now  naag  natunU  gaa,  the  fnnueesara 
designed  to  that  pmdnccr  gai  may  be  used.  The  chambers  art  23  feet 
lottf:,  inside  niea«am&«ni,  and  14  feet  3  tndMft  h^  to  tbe  top  of  tiiF 
arch,  the  gas  chambers  bping  6  feet  and  tbc  air  ehaaben  10  feet  widr. 
The  laUer,  tborefore,  ha\-e  a  cable  ecat-UatU  of  65  cnloc  fret  per  um 
of  char^  The  prewnt  nautntl  gas  nipf>);  ooawe  tfaraa^  a  HLmch 
main  with  a  fi-tni^h  branch  to  sach  fontaec.  Ttie  Inaitfas  of  the  (at- 
nacM  are  28  by  I3J  feet,  bnili  uf>  of  au  cMUse  oac^  of  firv-brick, 
rhmme  on,  and  ma^etic  biick,  covered  witit  knae  Bi^BMite.  The 
fDroaceH  have  tbre^  ctiargiti^aarc  and  a  stnall  do«r  ai  BMt^  (SmL  In 
front  of  Mtch  tiimKJ^  is  a  ladle  |iiL  The  Udkt  arc  9  ThI  S  iacbe*  in 
diamct^T  in  the  slioli  and  7  fmt  S  uicliec  desp.  Tiuj  an  handM  foe 
Maeh  line  of  tivr  fumaong  t>>'  cwo  7M<wi  llot^an  elecsnc  Iravdlm;: 
cranps,  with  a  span  of  37^  feet  and  a  hnistiu^  fpeed  of  12  feet.  A 
third  will  siiffi'K  when  the  second  half  of  the  phuit  u  bnilt.  Soeba) 
deviem  pivvNit  the  ladlf  swingiof:  w  twisting.  A  nibwdiarx  SS-taa  a 
nms  on  the  lowar  flan):<v  of  the  gtrdnrn  which  carrj  the  lar^  e 

The  sy>mn  of  oaetint;  on  tnieke  iisfc  Itoen  ailoptnt    AUm^  tb«  n 
linr  of  the  main  buildint:  on  eacli  side  m  a  {iiKirinf  vauk,  imd  si 
two  doubk  i>onrlng  jvlatfnrm*,  jin-rided  with  the  BmiAwiMn  J 
Ing  nil  Ptther  side.     Tlit*  mnsij,is  of  «  pashsT  opexatMi  hy  a  1 
fiylind«>r  with  14-foot  stroke  anu  ^dneh  dnoMMi,  with  i 
for  iDoting  opwsrd  into  poutian  for  angafue  the  dog  « 


TDK  IBOV  txt>  BTWa.  IXDrSTEIES. 


iir.—  r/riT  bsssemep.  process. 
Tbtnao-Obemiitry  of  the  Bessemer  Process.— ProfMcor  V.  I 

\\mi\\rj*  In  a*«nr«  "fCamUir  lectures,  <ieii]s  with  the  then: 
tvf  tha  BrMDipor  jtrooM.  Tli»  history  of  the  pnMwss  is  &nt  ■birlli'  I 
lhv«ni  aitd  Umo  ruiow  romt  of  eoaYenen  an  described  ud  Uw 
ni«tli(hl  of  worldly;  diirawtd.  The  fonu  dealt  with  ve  the  find 
c«)«vt>rt*n,  tixtluiling  the  Swinish,  CUj^inffith,  Withefow-Cl^>!)- 
QhlKlk  M»l  HAlton  tvix>«,  and  the  Bormhle  caaTerten,  iiidiiiiic;j 
(how  n(  HnltrT,  Dmmw-r.iiehRBl,  Walnttd-DdattR,  Bobot,  Dari. 
1Va|M>ttu,  md  n'>lnu)d-L(^teiseL  Ue  thennii-clkeiBiBtiT  v  X^n. 
inVMM|B!»tr<t  in  di^tMl,  the  axpIaaBtm  af  the  lems  iwnd  being  [il::> 
givwn.  In  Ihw  xcruiin  of  th*  aatgtwt,  the  Hnet  •ptenaimky  foUow«d  bj 
til*  Mithnr  kixi  by  II.  PonthiAre  t  ue  loIUiwed,  sad  ib  all  Matait: 
point*  the  fiqancinhs  anil  KoictnsioiiE  uf  dir  laUCT  are  mEteiiwd,  thoogli 
■Mne  ^rm^i<MH  apt  made.  Both  tbr  and  uid  the  I 
iHn<»(ifraU^  nml  Mmpanwi.  Tim  ihird  • 
jmttniiK  Ai  kbe  iifw«tn  of  the  Biiajwunu  Aaua.  The  afipi 
dMwrihni,  nnd  th4>  ehantetnnstie*  of  «be  flmw  sad  ito  a 
frlwnt  ft^riods  oi  the  hlov  n*  aiqifaunnd.  BrfiBMne  » 
«nmM«Mi4»i  »■  the  nim«  thmrii^  lhe«ItiittiMt>iRi  of  the  «■ 
•Bd  lothc  r*«w«apeh«  of  )iffi<»T»i  ~ 

K  «nr>^iiYn  r'wttiiK."  flf  thr  wiinli-  «iilg 
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''i  1  i  THE  IRON  AND  STEEL  DTDUSTRIES. 

**  In  the  art  of  mixing  molten  metal  to  secure  uniformity  of  the  same 
in  itn  constituent  parts  preparatory  to  further  treatment,  the  proow 
of  introducing  into  a  mixing-receptacle  successive  portions  of  molten 
metal  ununiform  in  their  non-metallic  constituents  (sulphur,  silicon, 
Ac),  removing  |>ortion6  only  of  the  composite  molten  contents  of  the 
ri*Cf»ptaclo  without  entirely  draining  or  emptying  the  same,  and  8aooes> 
ftivoly  replenishing  the  receptacle  with  fresh  ununiform  additions,  sab- 
fttantially  as  and  for  the  purposes  described" 

Oost  of  St66L — A  serie-s  of  articles  dealing  with  the  cost  and  ooodi- 
lions  of  pnxiucing  iron  and  steel  in  Great  Britain  have  appeared. 
Numerous  detailed  statements  of  cost  are  given.* 

Th«  History  of  Bessemer  SteeL— £.  Riley  t  gives  an  accoont 

<^(  hh  early  connection  witii  the  Bessemer  j^rooess. 

Bessemer  Steel  KuQ&etsre  in  the  United  States.— In  some 

Yiot^jt  on  American  iron  and  steel  pracdoe,  A.  P.  Head  X  states  that 
owinf:  t'O  the  xrreai  improveme^nt  in  mechazdcal  axvplianoes  whidi  has 
been,  ana  is  still  Keiiur  made  in  the  meihing  bonae,  tbe  day  may  noi  he 
far  di^t^^nl  wlten  the  BeftfunDca-  process  ^ill  be  snperBeded  in  fiToor 
of  r.)ie  />|»en-be»rth  ha>qc  furnaces. 

The  ii^iml  equiT»nieiii  of  an  American  Besaemer  conrening-boase 
eom prices  r  ]mir  ot  K^4^ii  convener,  widi  feur  lC*-i»an  cnjiolas,  and 
ever^  aT»?»]iwice  for  ouicklv  disiM)ain£r  oi  the  oncnni.  Tbe  aTerace 
t>\mv  for  til]in4£,  blowin^z.  and  nounnr  if  xweiiiy  -mimnrftfi..  pring  an 
output  troni  «  pnn  of  cniivi\ruirs  of  40.000  uas^  of  insatB  iier  mcmxh. 

Oi.  D<vi»n»Her  .'il^i.  the  re^^n-d  far  auick  blowinr  "was^  bsxiktm  ai  ibe 
Pnnn^n<  ^^  <>rk>>.  nheii  two  cnnve.Tt.*nv  math-  21^  beazs^  in  TWisnrj-inui 
honrv.  nrf^«1uon^^:    I112>   t4^n<   o;   imrot^  i^itii  aii  avtnm?e   of  fcnzrs<eeii 

vr(^\i  ?)r<Mn^e4-.  fAT  th(  omck  iUstkhqiI  oi  kn^- autiuis^  and  im  THiHUjaVid 

fr.'Mr*    ♦»».    )>/»rv».w«.-_f,.»,rc     Hr»ri].  M%i\  retarnMi    u>    tiit    iiiaSt-nimaM& 
%•.'». i^...i.  » hiv  .^     .    r*^    rfu,.,    t»>;»viiu  i.  net:  i<xt^  o:  •>.-  i«:  rt«iii      Ai  tiit 
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FURTHER  TREATMENT  OF  IRON 

AND  STEEL. 


Steel  CSastillgS. — S.  Kem  *  describes  the  numafactare  of  steel  east- 
ings for  ship>bailding  purposes  in  Kussia.  The  melting  foniAce  is 
fired  with  coke,  and  gires  aboat  3  cwt.  daily  in  four  crocibles  po 
heat.  All  castings  are  annealed  in  charcoaL  The  moulding  sand 
consists  of  about  90  per  cent,  of  fine  quartz  sand,  and  10  per  cent 
of  the  best  fire-claj  mixed  with  a  small  quantity  of  sawdust  and  rye 
flour.  As  a  wash  for  mouldings,  malt  boiled  with  water  is  used. 
Ferro-silicon>manganese  containing  10  per  cent  of  silicon  and  80  per 
cenL  of  manganese  is  preferred  as  an  addition.  Ferro-aluminium,  with 
14  per  cent  of  aluminum,  is  also  used.  The  castings  as  a  rule  contain 
about — 
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and  give  an  elastic  limit  of  21  tons  per  square  inch,  tensile  strength 
of  45  tons,  and  an  elongation  of  8  to  10  per  cent,  on  4  inches.  For 
boiler-Fork  and  water-tight  castings,  carbon  is  increased  to  0*60  per 
cent 

The  crucible  charge  for  ordinary  castings  contains:  Steel  plate 
roundings,  50  lbs. ;  steel  plate  shearings,  10  lbs. ;  puddled  iron,  20  lbs. 
When  the  charge  is  melted,  which  results  after  some  five  hoors^  an  ad- 
dition is  made,  consistiDg  of  silico-manganese,  0*75  lb. ;  feiro-aluminium, 
0*15  lb. ;  ferro-manganese  (containing  80  per  cent  of  manganese),  0*10 
lb.  In  all,  the  addition  weighs  1  lb.,  and  is  introduced  into  each  crucible 
by  means  of  a  funnel,  and  remains  there  for  twenty  minutes  before  cast- 
ing. The  crucible  charge  for  water-tight  castings  consists  of  ship-plate 
roundings,  55  lbs. ;  ship-plate  shearings,  10  lbs. ;  puddled  iron,  12  lbs.; 
refined  best  cast  iron,  3  lbs.  The  following  is  the  addition  for  such  a 
steel :  Silico-manganese,  0  70  lb. ;  ferro-aluminium,  0*25  lb. ;  ferro- 
manganese  (containing  80  per  cent  of  manganese),  0*15  lb.      This 

*  Chemical  iV^-ici,  vol.  Ixxvii  pp.  86-87. 
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^H  iMt  III  lit*  miuiiirartiirc  uf  tliotM;  uuiciiitii;  jiute  ibai  out  be  1M1I7 

^M  Willi   iiiurh    diOlcullj   by   unlmiir}-   u-eldiug   metbods.      T«u  at 

^1  iii»tal   baVK  tligwu   ui  daitgatjoti    of  11-6  Ui    10-6   per 

^H  radiivtldii   nf  Area  of   30   to   32    per  cent.,  and  a.  nus 

^1  atrviiKtli  of  i9,023  lU.  per  M{iiara  inch.     It  u  E«id  to  be  ttaj  w  ««k. 

^H  Mul  t»  be  i-ftp«bl<-  uf  being  Uunmefed  mod  bent  in  tbe  cold  witiual 

^H  (nckitiK 

■  WetfllU  of  St«el  Ban.— Under  Um  UUe  of  -  Wd^u  uf  Su., 

1W^'■  ft>uik  Btflcei  *  bH  pablbbed  *  ttrj  OMfal  nd  hMoif  book  hr 
the  SM  of  mw  ftod  suwl  Maao&Matw^  menhaMt,  tilWn,  loBcn,  mtU- 
iMM|t«n,a«d  all  tboM  fgigg^  ia  t)M«achMs  af  or  detti^isire* 
Md  nimL  TV  tiiUea  sre  wr;  eai^dale;,  ■»!  anaaged  as  An  Um 
«if  «  bar  any  nw  or  lengik  «ia  be  ■latiniii  d  ai  i 

,S  b«,\inb^»ol3ndMa^Sn 

nbeMK.     TV  hnob  »t»  t 

iuB  sb«r  bi^A  1 
df«iHi)«'«Bd  *w«imH  of  i 


5Z0  TSK  no!<  un>  srao.  i.fncsTktis. 

3  milM  on  the  tmn-ltne*  in  Berlto,  tlie  ends  of  llie  differeul  nuU  kttt 
b«m  juinnl  Mlidly'log^tr  bj*  CAstiDg  iron  between  the  ends  so  u  k> 
nuke  the  null  into  ona  pieee.     ConscqaeDllf  over  the  whole  kojA   , 
ihvn  it  jinctiully  onl;  oa«  ungle  long  nil.    This  is  found  to  vol  I 
MtiifKtorily. 

Strew  in  liiid  by  Victor  •  on  the  urgent  necessity  for  strengtheuiu; 
lh«  ]><>nnsnrnt  way  of  Gennui  milwsTE.  Me  deals  generally  with  U; 
subject  touching  on  the  rails  in  use  and  their  fasteaiags,  and  on  \\i' 
SpMM  left  beiweeQ  the  rails,  and  generally  reviews  the  whoi 
4mt«tlon. 

Steel  Sleepers.— C.  Uensoa  t  has  prepared  a  report  on  tiie  usi  cj 
mnlnl  s!i.'<>p.>r«  on  the  Li^ge  Limberg  line  of  the  Netherlands  state  tail- 
wny.  Variiiiis  fnrma,  of  which  illustrations  are  given,  have  been  Mei 
siiiiv  1  !<$S.  and  the  results  as  rr^rds  wear  axe  discussed.  Other  detail* 
on  the  same  subject  from  the  Gtolhard  railway  hare  also  appeared.! 

Wagi^OS— A  Dnmber  of  diflenait  forms  ot  tracks  or  bogies  for 
wa^^nt  built  of  steel  are  de«CTibed.S 

Fully  dimensioned  illustratioiiks  have  ^peandt)  of  a  44-toa  pTMsed 
Btf«)  ciial  wa^^n  oi  Ameri«aa  design.  The  wvight  of  the  waggon  is 
40,100  lbs,,  and  the  canying  cap«ciiy  U  tens,  or  two  and  ooe-hall 
thoe«  tl4  wvighL  The  waggon  is  36  fe«t  6  iachet  Iod^  over  end  bUi, 
and  d  feet  6  inchec  wiiie  over  stakes,  wfaOe  iiuade  it  is  34  feet  leo^ 
by  S  feet  4  inches  wide.  The  tmderfoune,  excefitu^  the  ceaue  tSit, 
h  entirely  nf  prefsi^l  sliapcs. 

Larg^e  Boiler-PlStes.— Two  of  the  bu^est  steel  bmW-pUtea  era 
rvilW  111  Aiii>iri<.s  were  reeeatly  Umed  aat  at  the  SoUh  CUb^ 
Works  ol  itie  UliBois  Sle«l  Company.  Tbr  ; 
ItfWth  Elettl.  and  eanU  H  tntetiiied  for  ihr  shell  a 
l)ox  in  two  locomotives  now  bring  buik  for  ihc  C 
Ohiea^  and  Si.  liooi^  lUitroed  Each  of  the  1 
inchec  wide,  and  220  inches  loog  on  one  edge  and  SS7  n 
oth^r :  the  sheets  before  the  sliearing  n 
for  one  and  \30k  inches  by  S7C  iacbee  Uk  tht  otha,  n 

■  StakI  mw  JiMit.  *itl.  vnii  pp.  nn  Mil, 
f  INIIfttn  of  Ibc  tnMnnii'VBi  Rulwav 
■,  VnL  xL  n^  tn-tl* .  !9iM  vnri  »mK  *nL 
AwMwrrAv  y*<^.  *<■■-  mil.  |l^  W-3ft. 
t  lta»  iMij  Ch«f  Trmia  Mrritft.  voL  l*it.  ff. 


I 
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t,  wUck  hxn  tkm  ^mptnj  of  m 
DM  k  iKight  led  I— i|»ei«mre,  shhen^ 
B  soft  if  waled  frsm  Iottb-  tcBpenrtanc.  The  meUl  dw>. 
■  ap^lMUtli  Hed,  fnc  bvm  ^ttj^vr  ami  phMfrftrnvs,  snd  contunn.: 
S  ttt  15  per  MM.  of  ncfai  cr  estMk,  aod  3  to  13  per  eeoL  af  tm: 
gMiiiii,  Ib  iU  mA  Male  MM^  ctofl  bu  a  tennle  strength  of  1IO,0>" 
l«  140^000  lbs.  paaqoaRnufc.  One  aide  of  tbe  pbte  b  slowiy  biat- 1 
in  a  fimuoe  to  a  fari^  i«d  &em^  vhile  ibe  tacic  b  nuintaimed  at  800' 
lo  MO*  F.  Or  Ui«  face  to  be  hardened  is  inuoei^eti  in  red-lMt  lead. 
Wliei)  n»dy,  the  ptate  is  rUDored  rmn  tbe  fiiniac«,  and  cooled  at  th<^ 
back  imtil  the  front  boe  is  at  a  tenpcrature  of  800'  to  900*  F.,  imi 
tben  DO  limber  atteirtaoa  m  reqoired. 

T.  UUce  t  gives  aa  aecoont  of  the  mannbctitre  of  nickel  steel  tnnun: 
in  the  United  Stat«a. 

Annonr-Piercing  Projectiles.— J-  Ottstnert  obeervve  that  the 
war  betveen  Spain  and  ihe  Unii«>l  States  caused  the  Utter  to  call  OD 
the  United  Slates  M««l«orks  to  provide  armour-piercing  projectilca. 
This  request  led  bo  an  improvement,  which  the  author  prooeedi  to 
describe.  It  is  required  of  soch  projectiles  that  they  shall  penettatir 
armouT'plates  without  breaking  up,  and  subsequently  burst  within  ih-^ 
vessel  and  behind  tlie  armour-plate,  so  as  to  cause  as  much  destnietiiD 
as  possible.  It  has  not,  however,  hiiherto  been  found  possible,  thf^ 
author  obserres,  either  by  the  Krupp  ^Vorks  or  by  others,  lo  produ<.' 
projectiles  which  fiilty  satisfy  these  requiremeuiG.  As  a  rule  the  expi^' 
eion  takes  place  while  the  projectile  is  in  the  armour-plate  itself,  liu 
shut  showing  a  marked  tendemcy  to  break  up  a/ler  impact.  Thr 
greater  part  of  th<>  work  of  peneiration  is  perforTne<l  by  the  poiDi 
of  the  shell  and  the  conical  ponion  behind  it,  the  cyliDdrieal  por- 
tion merely  impressing  the  effect.  The  first-mentioned  portion  most 
therefore  be  harder  than  the  cyJindrical  portion  need  be,  resiscauce 
to  eompfSBive  force  being  the  main  thing  required  of 
e  cylindrical  j 


nibjeet  to  compression. 


ID  diameter,  and  the  hole  made  I 


thi-  conical  part  is  not  lai^  enough  to  allow  the  body  of  the  At&  ^ 
pan.     Thin  is  therefore  obligeii  to  take  part  in  the  wark  «f  |i 


■   Knainfrrviv,  toI.  1i».  p.  ..ft 

t  'VMt/r'i  Viixtn'fK.  'ol.  ii».  fip.  M-17. 

:  Xtattl  owt  mm.  nl.  niii  pp.  aH-897.  witfa  t1 
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ti'iti.  itih  III  ihe  )uith,  »o  ihu  fnwr  cinmlatinn  of  the  kcid  it  obUuri. 
:iiul  ilii'  lii|ui<)  m«v  Iv  i»f  Vss  st-rniiTtti  thim  ns^Al. 

M    s,.iii!ipr  •  .•ii:i.'!>>'!i  liic  s.^-crilii-.i  ilVool  proce.M  of  c:ac::'i.':-r - : 
iiil'i--,  .m.i  .■';■■<■■■:*  t.i  tin-  lirv.-  ?i'.'.iv.'.>-s>.  v;;ifii  has  been  .'.p:>'.i--;  ■.;■  ;  > 


Hu  i.fW' Ji'ri    n    T*it«j. 
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ha«  also  been  employed,  bat  when  the  plate  is  simply  used  as  the 
anode  in  an  acid  bath,  it  is  liable  to  pitting.     This  is  overcome  bj 
reversing  the  current  periodically,  and  the  process  is  quickened  bj 
heating   the   bath  by  steam  coils.      A  false   bottom  in   the  tank  is 
arranged  to  catch  any  scale  that  drops  ofiE^  and  is  removed  at  intervtla, 
or  the  scale  may  be  removed  continuously  by  circulating  the  liquid 
through  a  lead-lined  box  outside  in  which  magnets  are  placed.    Current 
generated  by  the  plates  during  pickling  has  been  utilised,  and  attempts 
have  been  made  to  remove  the  scale  by  electro-magnets  after  it  is 
loosened  by  pickling. 

Protective  Metallic  Coatings  for  Iron  and  SteeL — S.  Cowper- 

Coles  *  deals  with  the  various  methods  of  coating  iron  and  steel  with 
protective  metallic  coatings*  Galvanising  or  coating  with  zinc  both 
by  the  hot  method  and  by  electrolytic  methods  are  described  and 
diBcussed  at  considerable  length,  but  the  use  of  other  metals  such  as 
lead,  &€.,  is  also  referred  to  in  some  detail. 

Illustrations  are  given  t  of  the  Wyndham  Thomas  tinning  machine 
and  of  the  Lewis  double  tinning  machine. 

*  Puper  rend  before  the  Society  of  Engineerm  3rd  October  1898,  throngfa  Indudna 
and  Iron,  wo\.  xxv.  pp.  284,  304,  kc 
t  Iron  and  Coal  Ti-adt*  RcrietCy  vol.  Ivii.  pp.  476,  652. 
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A.  Grvinor*  hu  pgbliBliKl  wi  exhaastive  m«nmir  on  the  i 
«rki»v«H)   in  ihf  knovledi^  of  dte   inunMl  ctracsare  of  steeL 


MAffiictic  Propertiea.— E-  DomoDt  fhaaA 
l^rmMHtluy  for  fici.is  lyini;  bMnwn  14  to  50  CG.S.  atalM,  a 
u>iM)iM»UirM  hMwvMt  ~S'  utA  £50*  C  of  RTcnfble  ait^el  ■taek  c 
Uminjt  (raa  37  u  I*  por  omiU  of  nickri     At  «  tcanpenbin  of  M'' 4 
ftt)  ik*  Mnyt  «tMnr  siBifln  cbngav  of  poBaUi^,  vidi  i 

m^  «»4  iltM%  ^i■lw>l1^^hi^^g  «■  idw  MHici^  mT  fieU  ■•  I 
nimMl  htcr  Hnd  Ui'  rnn««K  Mirteer  nf  « va^nai  yak  wliicki  K  aawfei^ 


oS*)  THE  I*05  AXD  STEEL  Dn>USTRI£& 

A  detailed  accoonl  otthis  inTesd^ation  has  been  pnblished  by  the 
aothor*  in  Swedish. 

The  Hardening  Power  of  Low  Carbon  SteeL — Professor  U.  M. 

Howe  t  has  expenmented  upon  the  effect  of  quenching  iron,  steel,  and 
other  metals  in  frozen  mercury  and  in  frozen  alcohol.  The  effect  on  a 
sample  containing — 

Carboci.  Pho«|>tioniA.  Solpbar.  Copper. 
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was  to  increase  the  elastic  limit  157  per  cent.,  the  tenacity  54  per 
cent,  and  the  elongation  95  per  cent.  An  electrolytic  iron  containing 
0009  carbon  also  gained,  bat  not  to  the  same  extent,  llie  effect 
of  quenching  in  melting  mercury  is  greater  than  with  frozen  alcohol, 
probably  due  to  its  greater  condactiyity,  though  the  alcohol  is  colder. 
It  was  also  noticed  tliat  the  transverse  strength  and  elastic  limit  are 
benefited  much  more  than  the  tensile  strength.  The  hardness  is  also 
greatly  increased.  The  author  concludes  that  the  resolts  are  oat  of 
proportion  to  the  amount  of  carbon  present  As  mechanical  treat- 
ment produces  somewhat  similar  results,  they  might  be  ascribed  to  the 
stresses  applied,  but  quenching  copper  and  other  metals  giye  negatife 
results,  so  the  effects  can  only  be  ascribed  to  allotropy.  A  series 
of  further  tests  is  suggested. 

Determining  the  Hardness  of  Cast  Iron. — C.  A.  Bauer  {  de- 
scribes a  method  for  determining  the  relative  hardness  of  different 
samples  of  cast  iron.  A  drill  running  at  a  uniform  rate  of  speed  and 
under  a  constant  pressure  is  employed,  and  the  number  of  revola- 
tions  that  it  takes  after  the  drill  is  embedded  to  penetrate  a  further 
distance  of  half  an  inch  is  taken  as  indicating  the  hardness.  Automatic 
counting  appliances  are  used,  and  the  number  of  revolutions  in  three 
trials  on  four  test-bars  are  shown  below  : — 

No.  of  Bar. 

I.        .        .        . 
II.        .        .        . 
III. 
IV.        .        .        . 


*  Om  jdmeU  krititika  langd-  och  tcmperaturfardndringar,  Upeaia.    A  copy  has  been 
preeentcd  by  the  aathor  to  the  Institute  library, 
t  MetnUofjyaphitit,  vol.  i.  pp.  259-265. 
X  Journal  of  the  Amcnain  Fouhdrymen*9  Atfocimtitm,  voL  t.  pp.  6f-68L 


No.  of  ReYolutions. 

130 

128 

129 

150 

149 

149 

170 

168 

le? 

236 

2S2 

290 

Humi^  tlM  hM,  aad  nringiae  tntiy  ■!>  to  die  bai^t  doe  to  tbe  t«Io- 
<it}r  afW  Um  iB|«ot,  Tbe  lew  piew,  mtng  agshiM  tJie  two  vettiai 
Indf*  •igm,  i>  Mnick  in  tb«  aiddk  bj^  tbe  fUUng  pendohun,  Uii  tbn- 
piTM  tb*  wlTJMrti  iwilhwi^ri  W  tbe  Mr  nder  tmwrene  itresa.  A  tull 
dneriptuw  of  tbe  audtise  umI  flliutnuoas  are  girea,  foUowd  h\ 
■  liiiniMiiiii  of  ibe  vmnoai  emcs  la  be  aOowed  for  in  tbe  retulu, 
du  ta  tbe  bictioii  of  tbe  vadbtue,  tbe  taertia  of  tbe  test-tw 
lUelf,  &C.  PociBalM  utd  titles  *n  upended,  mud  th«  fotluvin^ 
CBBdwioBe  m  raacbed: — In,  Dribute  nSae*  for  tbe  reulienoe  «#J 
Mule  BMlcriftli  nsj;  be  obuiaed ;  Snd,  for  tongb  mstehala,  smb  I 
WWUght  btm,  defaitt  niatire  vahMs  br  tbe  resilience  of  neialt.4 
tbe  ■use  cImb  mqr  be  obtanea.  Fbal^,  atUMna  b  called  Is  i 
rahie  of  a  (banMgb  knowle^e  of  the  nmheuee  of  taaterialati 
a  G«e  lead  and  shock. 

9  of  safety  tb»1 
t  laWTfiil,  wbkb  U  gumali/  ■ 


Alt  ia^tac*  tcMiitp  ■■nhw>   btiag  dM^fsad  fcr  tbe 
Inalitateof  Te(to»k)e3r,toienaxk%jR,iawbaweafbKB  : 
drrrer,  irith  a  tup  oi  500  Ifaa^  hawa^  a  &B  ap  i*  8  Ceet. 
Baebine  n  («  br  hmiit  tor  wpeafed  atR«BS  in  wfifiig  dbna 
100,000  bt.* 

R  Kiraek  t  dnemaH  tbe  dtgiee  on  aWMj  abwnaUe  w 


Benehinger.  l-''<>pi>l,  Manena,  md  Mber  iiwdiudi,  aiad,  in 
deMribnt  ibr  tn«Ll>Mi  be  himaelf  adopts  far  tbi*  paipaae,  gmng 
of  tnt  rrmitts.     Ht  sbow«  tbat  tbe  emt  docs  bo^  on  tbe 
exoeeri  abom  0-9  per  isimL.  and  it  laaj-  be  has  tb 
u  tbkt  tbi^  BOitaor  tbmk*.  t$  ear  witb  wUeb,  for 
may  1 


The  Theory  of  Baataexty  aatf 

Kimch  ;   -iealt  witb  th. 
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THK  IKOK  AND  PTEEL  I5DCSTRIE8. 


m  hmg  MriM  of  oomprMsioa  tetu  of  wrought  iron  cf  linden  M  iela- 
tUUMUutUidocDeaortlielen^  uirldiuneter,  and  the  method  of  bOnrt 
Four  Mria*  of  tpedmens,  143  tn  number,  were  used.  Tbej  bid  tiem 
<*f  \i  )•  (•  fid  I  Mjoan  inch  r«BpecUvely,  and  leogths  rsnging  Eron 
1  to  13  inchM.     TeBKile  t««t«  of  th«  mUerud  used  showed — 


I*  Utt  craskins  lastB  tfae  wttfcBds  of  bolate  wmn  am  Mkm*-. — 
S«4iM  A:  ATM,  fK>  a^aare  iuA;   du»fiar,  4>7M  ndi;  l<^iK 
4}   to  S    inchM  fniM   hf  iiiiiiin,;  3  lA  4  iMbek  liy  iiMJiiin.  nd 

$«iri<«  B :  An«.  I  m^wr  inai ;  fimoMr.  I-IS  ik^  ;  l^e*^<i  ^  ^ 

4  to  111  >i>«he<(  its  bond  n^  aad  bulging;  ]  la  SJ^  tai^M  ky  k^^iq^ 
^n^^  r  -  A?p)L.  0-TF  Miamv  ini^  t    rti—iwnr.  fr«9S  iMh;  ta^tb 


i>:lnctb 


1^  MM  £  hiehK  tn  botenig. 
TV  ivMte  of  ibi'  (acte  at«  yloiMd.  aid  a 


t    ' 
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THR  IBON  AND  STEEL  INDUffTRTES. 


Diameter 
of  Pipe. 

Weight  per  Foot. 
LU. 

Iron.             Steel 

Bursting  Pressnre. 
Lbs.  per  Sq.  In. 

Tensile  Strength. 
Lbs.  per  Sq.  In. 

Inches. 

Iron.            SteeL 

Iron. 

50,002 
51,852 
54,311 

SteeL 

2 
2 

5i 

3-452             3-821 

3-864             3-840 

10-003             9-824 

4,000        over  6,000 
5,000        over  6,000 
1,400            2,750 

65,999 
63.057 
82,325 

Frictional  tests  showed  but  little  advantage  to  either. 

Fatigue  of  Metal  in  Forgings. — H.  F.  J.  Porter  ♦  sums  up  his 

views  of  steel  forgiugs  as  follows : — Although  forgings  can  be  made 
to  fill  a  large  variety  of  specifications,  they  can,  in  general,  be  divided 
into  five  classes,  as  follows :  1.  Mild  steel,  annealed ;  2.  Medium  hud 
steel,  annealed ;  3.  Medium  hard  steel,  oil-tempered ;  4.  Nickel  steel, 
annealed ;  5.  Nickel  steel,  oil-tempered.  Each  of  these  classes  is 
supposed  to  cover  a  series  varying  greatly  in  strength.  Large  shafts 
and  similar  forgings,  crank,  and  crosshead  pins  should  be  made  of 
fluid-compressed  steel,  and  should  be  hydraulic  forged,  not  hanmiereoL 
Wherever  practicable,  an  axial  hole  should  be  bored  through  shafts  to 
ensure  absence  of  any  internal  defects.  If  forgings  are  oil  tempered,  the 
hole  can  be  made  larger  in  diameter  than  if  they  are  simply  annealed, 
and  where  the  hole  is  7  inches  in  diameter  and  above  they  can  be  hollow 
forged  on  a  mandrel.  A  hollow-forged,  oil-tempered  forging  ensures  the 
highest  attainable  qualities,  and  can  be  especially  recommended  where 
the  maximum  strength  with  the  greatest  lightness  is  desired.  Wh^e 
it  is  important  that  the  quality  specified  should  be  obtained  in  the 
more  important  parts,  physical  tests  of  the  forgings  as  delivered  should 
be  demanded.  For  such  tests  prolongations  should  be  left  on  the  end 
of  forgings  for  the  purpose  of  having  test  specimens  cut  from  them 
after  the  forging  and  treatment  have  been  completed.  Such  prolonga- 
tions should  receive  no  greater  reduction  than  the  forging  at  its  largest 
part.  The  following  table  shows  the  average  physical  qualities  that 
should  \ye  obtained  in  forgings  made  of  the  several  grades  of  steel 
mentioned,  the  test  specimens  being  2  inches  long  between  measuring 
points,  and  J -inch  in  diameter,  and  cut  from  full-sized  prolongations  of 
the  forgings  after  treatment : — 


*  Joiimnf  of  the  FravUin  InttittUe^  voL  cxIt.  pp.  241-261,  and  S21-S66t. 
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|MiftiiwnUM«|pV«u  iuieUil,  feod  Um  experimenu  thenuelTei 
li  WM  Tocut'l  necHMTjr  t«  proTide  the  meUi  witii  k  pnH«cU««  uule : 
knd  w)i«H  Uii«  wu  doae,  bat  not  otbenriae,  die  renilu  wen  ntick  ImMk 
Mum  wbMi  v*otl  wm  eaployed  in  Uw  [Jms  of  tbe  metaL  Tbc  wsyi  ■ 
which  tntn  uul  M**!  u«  now  »ctiuUlf  emplojed  in  imil'irwg  «tk- 
U<wi  u*  fHrt)i«t  >iMlt  viUi  tX  eonnilcnble  leogtb,  ud  with  iheni^ 
■  i)tn*tr»uan8. 


ThU  of  Inw  OtttaHas.  — TW  Aii»mla««t  of  Gentm  hoL 
VMiw-lnM  hjM  ftmvi>d  at  tlw  fflOmrng  OTBdanoBa  :*  (1)  Votialli 
•Mt  r»)am»  wv  tM>  >w«M  tlua  t^MWe  cut  hniHimrily;  {3}  ddtenn^ 
itMtW  «f  Uir  tUcfeMw  of  dM  adttt  ol  sufc  mabbs  bjr  diil&Q&  iBd 

MliMqmn^  sm^inK,  ■»•  Mddf  rauc  iMta ;  (X)  sbeT-  • 

M<l4tMtl  wHtntc  Jhm  hmn  shown  lo  he  of  Mhamuga  be  I<P*>  ■< 

nq^M  14>  )w  CM)  hnruAntkl^v.  a 

ImjwriUm  tM<),  IL  it.  pniltUMl  (Wl,  cio  v 

Huttfiri  w«r  Hi  Uw  CMF  < 

f4|W»  <■<■»  It,  Uim  manraii. 

Th-   Ti-ifr-l  Ti-  >^nVM,ci-vi   r-mimiiw*  ■*  hm*r  T 
frfi''  iMntMctMl  eobniiiicKfita^lTi. 

IV. 


-.•M>K.    'H^'Ht.  -l.'f-Wl- 
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Wear  of  Tramway  EaiU.— A.  J.  Moxam*  gives  the  nwoluof 
feouio  «xpertiiitMiU  lastiug  uver  three  years  on  the  we&r  of  inmwtj 
rftila.  Tlie  wear  iii  these  rails  is  partly  due  to  the  griudiug  actioa  a{ 
the  dirt,  and  this  factor  dues  not  occur  with  railway  rails.  Three  rails 
WOT*  tested ;  their  compoaitioii  anil  amonnt  of  wear  was  as  folloin ; — 


CvboD 
Silieon 

Snlphar 


O-280  0-590  0-570 

0IS6  0-056  0-334 

0-l(M  Otm  O-OGO 

O'im  0-059  o-oni 

0i9U  0«30  O-SM 


01KI17 


0-ooia 


o«w? 


It  wuitld  beeiii  that  hard  rails  are  preferable,  and  that  the  hardwB 
»honli)  l>e  attained  by  increasing  the  carbon.    At  the  & 
]>ointi>d  out  that  rails  have  to  be  renewed  on  account  of  tbedes 
at  the  jointf  1»ng  brfore  the  raits  are  worn  ant. 

Basic  Steel  for  Eails.— The  use  of  basic  steel  for  ralU  is  d 
liy  Fischer.t  "ho  alsu  deals  witii  iw  application  to  other  i 
OMiirootion  with  the  tjatteuon  a!  Htc  qaaliiy  of  the  material  be  li 
special  fXt*st,  on  ft<^ing  tests.  These  afford  an  accanie  aad  t 
ld«a  *f  liie  tionopMieity  of  the  jnaterial  under  itis}K«^Mi.  Xow-c^J* 
it »  4{ait4-  pOKsihle  Ia  j<mdnoe  a  perfncUy  traslwtiniiy  steel  faarins  an 
atcinatr  tensile  stivnglJi  «f  ilj  tons  per  aqoair  mc^  and  it  i>  em 
probable  thai  each  sr«el  «riU  soon  bf  uM>d  for  rail  MmanadMa  witk  ao 
nltinate  ^crenglh  of  4Ai  »nis  jmr  eqiucre  ijicb.  Tbr  ataber  deafa  ia 
annie  detail  «'it)i  tramway  ccniBCmetjuti.  and  the  ntic  used  br  tUs 
psrposo.  ^'hethw  for  such  put^ioMts  the  mioluid  of  fiOing  i^  tk 
qwoes  bMwoi.ti  the  ends  of  tlir  Tnik  wiH  outmv  i 
await  the  ri^ilti'  obtained  in  jnvctinj.  boi  ii  x  aoL 
ol  niilistitioii  ill  wHimwtioii  witli  iirdinuT  i&ihnns. 


0ii«t4r«i  Wheels.  -?^  I'  ISusJi : 

In  prmindn^  wheels  whicl.  will   Manu  the  tfawmal  ml,  aad  Ab  * 
iXIBeHlCT  m  «iniform|v  at>ptyini:   the  teat  is  thai  of  c 
flHvlfiM  metal  pntired  arotint!   tbe  wheol  it  aa  the  amtat  9anipmAimM 
all  evMis.     Analvffv  (vf  thr  metal  fmn  «rhMk  wliiid:  iii  mai  n 

*  hiper  MmI  t^ftm-  Mix  Nn  Yi«k  .4m»  ««■ 
IW^AiftnCh  Hm  rr—  4m.  ml    Im  N>,  U.  |.4. 
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nt{M  ftn  givvn.  In  appcndioes  axe  givea  Itste  of  the  onnieroas  Uuitc 
SUliM  (>s)i«nnienta  on  faoe-hardeoed  armour  and  on  capped  pt-.- 
JmUIm. 

llie  finl  anoour-p]ftI«  Bude  aoeording  to  Erapp*s    proceat  it  iU 
r-4rnc^<i  Steal  Compuij-'ft  tturkt  was  lesied  od  Jnly  13* 
ll«i«d.     Thd  pUui  WM  6  iadiu  in  lliickness,  and  wu  attacked  bj  b 
A^nch  amourfiMRatig  Bhclk.      Striting  relodtiee  were  3031,  3 
S.IAA,  and   t»S4  fMA-weeods.     Tbe  Uiiid  iltot  penecnted  tfae  | 
Md  muiM<d  lodsi-d  ia  tk«  bacfciag.     Tlte  fantb  abut  «■&  ■ 
mkI  (MMdd  llnaault  Um  plrt*  aod  laAi^g^     A  saubr  | 

~    R  nt  ihictep—t  VKSMMad  «a  CiyaBhir  Ut  lij  tfaw  ■ 
ftMK  «  1»4m^  fM.    IV  II Ji  liiiii  —  I6»^  am,  amAimh 
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mekel-Ohrome  and  Silicon  Steele. — A.  Ahrahaai  *  dusaibes  ■  I 
Urge  number  of  vxperimeDta  made  with  ceruin  special  sCeels.  Thne 
include  ateeU  cuntuining  25  percent,  of  nickel  and  2  to  3  of  chromlmi, 
and  a  iteel  with  I  -5  per  G«nt.  of  silicon.  Another  steel  specially  itndied 
contained  12  per  cent  of  nickel  and  from  1  to  1-5  per  cent,  at  chro- 
mium. This  latter  showed  itself,  the  author  observes,  to  be  possesaed 
of  remarkable  mechanical  properties.  The  author  hsa  conaidered  gcae- 
rally  the  question  of  the  use  of  nickel  and  chromium  in  steel 

Dealiii);,  in  the  first  place,  with  the  question  of  the  use  of  nickel  and 
chromium  in  steel  intended  for  annour-plates,  he  observes  that  chro- 
mium WM  tliu  first  metal  that  was  thonght  of  as  a  suitable  additioD  to 
st«els,  such  as  those  required  for  armour-plates.  The  Creasot  Woib 
witre  ih(<  first  to  make  use  of  uickeL  The  author  publishes  in  tabolir 
form  tht>  full  results  of  a  series  of  mechanical  tests  of  Tarioas  stceb 
intt'n'liil  for  armour-plates.  These  showed  the  fallowing  resDll*  ■> 
rcganls  tensile  strength  and  limit  of  elasticity : — 


OinnptiHlkia.  i 

«,.      '      Or.  Xi.  **^'i'- 


i>ipl'  N"  1  WHv  onliimn  iirmnur-plaw  ;  Su.  i' ((' and  c)  lacktu  lawi, 
itTiiitiiiL  )i^i>iii  ''■''  iM>i  (>4>iiL  oi  nickel  anil  no  chrnmiiiiiL  li  irOI  be 
ti^rvpi,  iliii!  th<'  ''i4<<>l»  »iiViniit.t«i  u<  mei-Jtanical  lea  -wfire  in  atOBC 
||■^    iiiinciilr-ii,   riii<;    ii:    nrhfr^    hardened  al    vKmn^  ] 
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in  tlie  form  of  eotinil  ingots,  and  their  eubseqaent  treatmeDta  pn»r, 
considerable  difficulties. 

The  authors  delermined  the  coefficient  of  expansion  oa  heaUn^ 
■teels  with  gradually  increasing  percentages  of  ni'ckeL     Up  to  20  v 
cent,  of  nickel  they  «how  very  little  difference  from  each  other, 
then  they  increase  rapidly — by  some  70  per  cent. — until  the  steel 
25  (ler  cent,  of  nickel  is  reached.     From  this  point  on  there 
fall  until  the  steel  with  36  per  cent,  of  nickel  is  reached,  the 
of  which  is  extremely  slight  indeed.     After  thai  it  agaiu  increta^ 
will  be  seen  from  the  following  : — 


er.-ioi 

i 


Avrntgi  BiMnrion  betvMn 
VC.aiTa.KxpTimed   ' 

Psreenlsee  of  Nickel. 

melrM  or  Hicnuis. 

B-e 

10-529+0«ae(IT             1 

U42r-'0«>362T 

M-O 

iT-*»*+o«>ni  T        > 

U18S+0<ISaS9T 

i-srs+o<ioar  T        [ 

Ml .        .       ,       .       . 

*«T7 +0-00127  T            I 

M-5 

e«e-o-ooa6i  t 

U«I+0«»»T 

Intennediary  result*  mn  aUo  gireo.  It  will  be  observed  thai  ibt 
expansion  in  the  case  of  the  rt«el  with  Sfi'I  per  cent,  of  nickel  was  ad|f 
about  0*8  to  09  micron;  whilst  that  of  platinum -iridiom  is  noi 
8  microns.  This  steel  is  therefore  rery  well  adapted  for  staadul 
measures  and  insbnments  ^preciaoQ. 

Steel  with  20  ta  25  per  oenL  of  nickel  ami  3  to  3  of  chimmaB 
is  produced  regularly  at  tie  Iraj^y  Works,  an  t>peii-h«anii  hmtt 
employed.  Besidea  possessing  high  netianiad  properties,  it  is  bi» 
magnetic  at  ordiuaty  t«mperatares,  and  offets  a  nnch  greater  d((n> 
nf  nsistaDCe  to  eon<oaoo  than  dees  ordinair  laiM  ateeL  Tli*  antlw 
nentioitt  a  namlwc  ttf  mes  to  wUdt  this  metal  ini^t,  he  cooaidAta,  ^ 
ftdvMitieeoQKly  poL  A  awtal,  too^  with  Is  to  I3{  per  cent,  of  akkt^ 
ui4  1  ptr  erat  vtAnmaam  is  aba  of  a  highly  satis&ctoiy  chantm 
1b  eoodnii^  A*  satfaar  oWasua  tlat  wlnli!  ndcd  and  dtrvaiv  rttcii 
anMV  **>  ta™  ■*  ni9«t>Bt  faton  h«fate  Aim,  tUs  is  sot  the  a> 
-^t»t  h^  sOmm  SMCb,  dM|Bto  tlw 
"Me  lo  aofce  tkm  i^ow. 
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EleCtTOlj^C  Iron. — F,  Haber*  has  inveatigated  the  iron  ileposil 
eleclrolTtically  in  the  msnuractnre  of  plates  Tor  prioting  b&nk-iiol 
This  iron  is  deposited  veiy  slotrly,  and  gives  an  exceptionally  hi 
printing  Borface.  The  material  is  found  to  contain  0*013  to  O'llO  | 
cent,  ef  hydrogen,  tlius  confirmiog  the  investigations  of  Lenz.  '. 
nsing  higher  current  densitieE,  the  percentage  of  hydrogen  is 

The  Carbides  of  Iron. — A  recent  publication  of  the  SmithaoDii 

lusiitutiou  consists  of  a  bibliography,  prepared  by  J.  A.  Matthews,  t 
the  metallic  carbides.  The  reference  to  the  carbides  of  iron  is  shoi 
for,  as  the  author  points  out,  although  the  literature  of  the  subject 
immense,  a  large  proportion  of  it  is  devoted  rather  to  physical  than  1 
chemical  matters. 

AlTiTninJTi"'  fts  a  Reducing  Agent. — n.  Goldschmidt  t  has  utilia 
aluminium  as  a  reducing  agent,  and  as  a  means  of  producing  very  hi) 
temperatures.  By  mixing  the  metal  in  a  fine  state  of  divisioD  wil 
some  oxidising  bmiy,  preferably  peroxide  of  barium,  and  using 
sium  to  start  the  ignition,  a  heat  is  attained  sufficient  to  fuse  cliromiiu 
The  process  was  first  used  for  the  preparation  of  chromium  and  mai 
ganeae.  The  oxides  of  these  metals  with  the  mixture  are  placed  in 
crucible  and  ignited.  Fresh  additions  of  material  are  made  as  lb 
fusion  proceeds,  and  the  process  may  be  made  continuous  by  Uppiil 
off  the  fused  materials,  The  crucible  used  is  made  of  magnesia,  S 
lined  with  that  substance.  The  metallic  product  is  free  from  alunt 
nium  if  a  slight  excess  of  oxide  is  provided,  and  the  purity  of  lb 
product  is  enaiirod  by  the  purity  of  the  raw  material  Alloys  t 
iron  witli  20  per  cent,  or  more  of  titanium,  and  with  20  to  25  per  cenl 
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Sample  I,  vfts  fntm  soft  Saxon  pudilled  iron  containing  O^OS  m 
»nt.  of  mui|nni>^  and  0"25  per  cenL  of  phosphonu ;  IL  and  UL  «C 
puililM  iTv>n  from  Upper  Silesia :  IV.  Styri&n  paddled  steel  muaini^ 
I'ti  \*T  ci'nL  rtf  carbon,  013  of  manganese,  and  0-14  of  filieoD:  V, 
mild  basic  steel  from  a  Saxon  works ;  VL  and  VII.  similar  metal  tr^ 
wrtrkt  in  Upj^er  Stlfsia :  VIII-  Strrian  crucible  steel,  coDt4uiiiiie  (rtS 
per  «ni,  of  car'non,  0-13  ©f  manganese,  and  0'31  of  silicon. 

O^mjvirini:  ihe  difffrrui  analvses  ii  will  be  seen  ttal  in  eTW-  ok 
the  »ca>  I'rvm  sof:  basic  sieel  oontains  more  ferxoiu  oxide  and  lea 
fenif  ox).:e  than  iht  »Mje  from  irToa|:hi  iron.  Tliis  is  doe  to  ilw 
^1  ihu  il  is  raaosuiT  i«  wvrk  the  iaiier  al  higher  lempentOK 
h  if  rfmariuible  tlia:  iht  C't>i>osd:e  holds  ^txtd  f»r  si«eL  It  wiU  « 
cwi:  ihhi  i^e  K'jkLe  frvs  (rsiiVie  ste«l  is  tithti  in  ferric  oxide  than  idt 
oihiT  si:::ive  il'.*:  w«  ii»Tr.:ii«d.  T:;*  r*::^  ii  oirjen  to  iron  apMKi 
t.t  Tarr  «yTc:xiKi:e,7  '-•e-.-wttz.  lirf  -t---^  ^'-'^^  *™^  ^^t^F  "^  "^V 
flic-  sirf  *■.:>  fSi-i;  si.:i-.j»  iis-irc  ^*.:'\r  ^***  IMm^  iroo  eaattta 
ncK»  ra;irfr  jfB*.  liit  iTfrkc*  'recii  75  "4  rt:  oeat. 

IVi^.-cy  tj-jJ^KS  ff  ,-r»  v;»^  slum  w  eraaraae  ^  ecoiMtclT  u 
!*«*£>;■*  musfjoi.  :r.-ii  Titranw*.  :•!::  h.  a  h^w  ctses.  cc  &a';»e^«ciul; 
^».C"»;r£  jj-:  fifciL^uid.  a  i^:;-.  jt-.-cexj.-c.  -f  ijir;irtt  v<i  liaai.  liwa- 
iT,i  ■.it:  3w:it.:i;  :r.'a.  ■wm  kC  tc^smi.  Ii  Hnai.  aaes  K^sitwi^i  Mn 
i>fj,  r«i£^  *■!«    s;itsir:  ttiLC7    :.:(ia3>»i  3.  ii*  case  «*  iae  fnro^ 

^*  .:Jl  :w*r-  t.-  iJtt  z*^:*  a,  ■»-iii;a.  uit  ti^-'os  3uiiz±aec  ci:daia»i 
n.  I2-T  ^.o.  -:<is£  n;.'  u>:  Ka^..  :::  t-hlj^  *n!aL  xiiU  -irf  wee  prwz: 
is  uq  iciiK  .1  L.V11::  ^ik  suu  ir.'o  nms  i«  ^^7  £cs#-£  ix  :^  mx 
ZTM^oi.  TT!'!  I  :;■:  iers:u,-aip!s  ti  slicx  Tisri  u  =»--TT7;ja  IT.  lii  VEL 
s»    .>}u:^tfi!(r  ::«  :>J   :X':nam'iiE  stic^iui  xuamL  a^is  Lki  a:=aaiii 

jsfc;»-:>;  -J.*."  .  .■:  ;  ;'^TiBtii,7!  ic  t  it;^i  -n-f— "^^-^  re  aj^ini  ii  t2rf-  n^^ 
v^i^fc*^.    fc  »     .;■  i;     :; :  .>-,;i--;    ,n  '^r   .-jm.ii.-sci'it   ic  ^ac  scaJ*  fxatd. 
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cwboD  dioxide  or  phoBphoraa  in  the  limestone  in  which  the  uble  wu 
anchored,  but  to  the  preaence  of  water,  which  collected  ronnd  the  I«^ 
Mid  could  not  escape.  Where  the  cement  in  which  the  cable  had  ben 
encloud  had  been  worn  away,  or  rather  where  the  cable  had  becii 
nllowttd  by  faulty  bedding  to  touch  the  masonry,  the  outer  Btrands  of 
the  cable  showed  si^s  of  nist  in  several  places.  The  inner  ttnod^ 
however,  showed  no  sif^ns  of  rust. 


■  i  I   W    '    !■       t«  tt  !•>• 


serve  u  s  itanilanl  for  aualjats.  The  casting  was  made  us  n  hotluw  cjlin 
der  in  *  land  mould  vitb  a  satwl  core.  The  gate  was  made  don  to 
the  bottom  of  the  mould,  so  that  the  metal  entered  from  the  bottom, 
special  care  being  taken  in  poaring  not  to  introduce  dirt  or  to  vuh 
awaj  the  sand.  The  pouring  wks  continued  until  three  or  four  hancirril 
pounds  oF  metal  had  ran  awar  from  the  liser,  so  that  the  metal  in  tbr 
boily  was  kept  well  agitated.  Wiien  Bolid,  the  casting  was  mounttd  b 
a  lathe  and  the  akin  taken  off,  afier  which  the  turnings  were  coIlrcUti. 
passed  through  a  40-mesh  sieve,  and  thoroughly  mixed.  Siniplf^ 
prepared  in  this  wajr,  consisting  of  n  pound  of  the  turnings  sufficitT^' 
for  thirtj-.5ix  determinations,  are  to  be  supplied  for  use  as  a  Gt&udarJ 

S.  B.  Marshall*  gives  the  results  of  phosphorus  and  sulphur  delec- 
minations  maile  bj  twelve  chemists  using  several  diCTereut  metbodi 
The  results  may  be  tabulated  aa  follows  : — 


HMbod. 

A<r«nce. 

Highot. 

IflWIlA 

Plioi{.lion»-HuB«u 

0-052 

o-ow 

(1-353 

oaBs 

0-M7 

0<68 
O-06S 
0-350 
0-100 
0-400 

VOW 

o-o« 
o-so 

0'330 
O'XS 

New  Analytical  Methods. — Adolphe  Camotf  has  publbhed  in 
coUcctt^d  forTQ  the  various  new-  methods  of  analysis  described  bjr  him 
from  tiuie  to  time  in  the  Pruavtiiiuis  of  the  AraJetny  o/  Science'.  The 
papers  are  twetity-one  in  number,  and  includn  methods  for  the  sepin- 
tton  of  iron  and  aluminium,  and  methods  for  analjrsing  ores. 

Qe  also,  in  conjunction  with  Goutal,|  publishes  a  paper  on  tli« 
use  of  copper  salts  in  the  analyeU  of  iron  and  steel. 

Samplisj^  Vig  Iron  for  Analysis. — A.  L.  Colby  j;  di^irusfiei  thv 
methods  of  sampling  [lig  iron  for  aualysis.  By  means  of  numerous 
quotations  from  various  authorities,  it  is  shown  that  drillings  from 
different  pigs  in  the  same  cast,  and  even  from  different  parts  of  the 
same  pig,  differ  largely  in  composition.  Two  methods  may  be  adopui 
In  the  first,  four  small  test  ingots  are  cast  by  taking  ladies-full  nrsi 
the  beginning  and  end  of  the  tap ;  eqaal  portions  of  fine  drillings  from 
each  of  the  ingots  are  mixed  together  &nd  taken  as  the  sample.    A 

*  Iron  Trade  Ba-iea,  toI.  xvd..  No.  ^  p.  la  

t  Aatiala  da  JUina.  voL  xiv.  p]..  113-209,  %  Ibid..  voL  li-r.  pp,  310-3 

S  Iron  Ape.  vol.  lii.,  Jnoe  2,  pp.  1S-I6. 


S56  THB  IROS   JUiD  8TKEL  INUfSTUES. 

particutan: — First,  the  potjuh  bulbs  may  not  absorb  all  ikt 
dioxide;  second,  the  "prolong"  GontaituDg  calcium  chloride  n 
absorb  all  the  moisture  drawn  over  from  the  potash  balb ;  tliiid,  tl 
proportion  of  moisture  so  escaping  from  the  prolong  is  not  s 
and    unraryiug ;    fourth,    the    polash   solHtion   may  1 
besides  moistore ;   fifth,  some  chlonxbromic  compound   ottur  I 
that  absorbed  bj  Professor  Langley's  "  pj-ro  "  mixture  may  o 
allj  form  and  cause  high  results.     A  large  number  of  ex] 
th«9e  p<»nU  are  quoted. 

O.  Auchy  *  again  deals  with  the  error  in  carbon  « 
Duda  with  Uie  use  of  weighed  potAsh  bulbs  due  to  the  < 
of  tBoiatBn  on  Hum,    A  nmnbci  of  ezpcrinuttU  an 
bow  the  ^ma  nay  be  oamftotaML 

In  Um  camUmtiun  mdthmi  of  carbon  detoaunation  Bozydd  t  n 
tb«  metal  wHli  a  iarga  txtmm  of  alonina  and  baata  to  rednen  ■ 
vamaX  «f  ii  i  Jt»n.  tfaa  'votama   of  the  earboiuc  acid  famed  \ 


■Miwdfar  Ike  itrtumiualiwi  «f  phonibcraa  a  Inve 
■fieea  etoel  w^iA  it  aUted  mfy  to  vefnre  »■■  n 
MHttea  tut  iMnlaliiNL    To  jmJjec  ^rifffff  w  ttn0^  6 
|>ha»dii  »irili«mjn  Hill  rf «»i.  MO  l«  tOO  c 
Mltto.  W  urtfe  imLiKiih  ml  inle.;  jj  »  «f  t 


a  aUil,  ni  a»  «kd>  hbd  atl 


Ml  wMitioh  ^  nw^r  of  ASuKUne  oT  SC  flidik  im 
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v«]**»iib;  'MO  cubic  ceutimetres  of  water  ant   then  added,  i>  ti» 
from   16    U)    25    cubic    centimetres   of  oxygenated    waUx,   mi  Ih  J 
wbolo  litratod   by  means   of    permanganate.     The  analj^ia  ti  f 
inn  Tariea  according  to  the  content  of  carbon.     In  tbe 
iron  ricli  in  grajibite,  3  grammes  of  tbe  sample  are  placed  id  35  o 
onntJmeltvs   of  concentrated    hydrochloric  acid.     Tim   b  enpontall 
aimoat  til  dryncM;   50  cubic  cenUmetres  of  concentrated  nitric  a 
ara  ihcn  added,  afl«r  irhich  the  contenle  are  beated  onttl  ail  tlie  ltd  ' 
vapour  iiisap[>earB.     The  cooled  solaiion  is  increased  to  a  TobuM  '■ 
100  cubic  oenUmetrrs,  of  which  £0  cubic  centimetres  are  enfMCal-i: 
Ut  a  *ynip]-  oonsist/-.ticy :  10  to  50  cubic  oentimetres  of  oonooitn:; 
iijlric  acid  are  added,  as  also  1  to  2  grammes  of  chlorate  of  pouah,  iu- 
whole  be>inj;  Soiled  for  from  6ve  to  ten  mtnaies.    Wat«r  is  tboi  wiar. 
and  ibe  liUaUott  oprTalion  coapletMi  by  means  of  oxygeuaed  «xj: 
aad  psmaagaaau.     i>  (be  cm*  of  pig  iran  oontnuiitg  little  nlieM  v 
gWfhfta,  ^gi'aMUtte  tf  the  nn{Jeit  HmdnA  in  15 cabic MuuiMUa *' 
kyAnolikcic  aoid ;  it  a  Hmt  beatod  and  ev^wnied,  aftamt^  WU 
witb  Jifi  t*  AA  (iii>ue  emum«tr»  at  xaiae  add ;  ehkrato  ct  prudi  ■ 
tlMn  addivl.  and  the  njioadoii  con^ded  as  above  deacrihed.    ft* 
manj^aimse  eionl  from  ]  }  lo  It  grammes  of  tbe  saBi^de  am  ^jwalnd  is 
tt«t>WM<iitim(ttr«£  of  iiydrooUiinr acid ;  it k  tben  beaaad  «ad  awf  w- 
(MmI.  ahMTwards  i>nt)ed  with  40  m  SD  obIbo  «miliiMm»  mT  lOUKsbl, 
Mil  lihe  «na>yHii  is  onnnlotad  «t  abave. 

V.  A.  GonoL  *  and  Martin  Aimii)  BKte  tSui  tiv  calBHiMn  of 
niKii)pui<n«  in  ii$  salce  ■what:  ooinhined  villi  volnilB  neada,  hf  v^g^ang 
a*  ihr  abhydracE  ailpliatc.  is  inund.  conaan'  ta  jwtiJMm  Kwctfafla- 
ttAitt.  4^  hr  hntb  mpid  anil  aosunie.  ^Tiifc  anlmiiBi  b  eoyondad  to 
•liyniw  in  Ute  ]in<m<ncr  iif  sulpniiTK  ado,  and  ifac  em^  «f  and  diiiM 
ciP  )i\  bnaUi)^-  the  TMidur  ixi  a  jiUUDiim  emoilik  wi^iaiBwi  ia  a  kv;^ 

]wiTk->il.:i      .■-11.-  1.1 


T^. 


Ami  titr  natdne  tkni  ^nuiad  Sb  «a 
.rnncw  to  hr  hoO'-  atnqite  and  a 
-<^   by  waijrinas  at  ttn-  ^jBaaaM 
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utA  then  into  banoin  «ulpb&t«,  (6)  by  iodomelxic  titntioo,  tai  (e)  kf 
Uw  antlKir'a  eolonmruic  prooeo. 

Mjwriw  Locjs  *  dMciibes  ui  &pplicttioii  of  tbe  etdorimetne  a^ii 

fnr  wumatiiii;  ioid  lo  tk«'  f«uin&uoD  of  ^phor  in  inm,  rtiMil.  aid  ^ 
irMi.  Th»  KirLki  li.  iinu«d  in  >  cun«&t  of  lijdivses  wiA  *  HiilHvrf 
dilnv  Ky.ir.x:Uonr  ud  ralpborie  addi,  the  guet  erohed  Mng  fMMc 
Utiwtfh  A  rf<d-^(i]  pormlaiii  tailie,  mud  finmUr  RGcired  in  ft  solKacB  of 
)n»<j  >Mi.'ir  ID  cMiJair  |vi>Ufik  Tht  jataiauied  lud  snlphide  »  Shoej 
AdT.  vvitc.i  «-)ii  TM«r.  vii^  dQnte  aomjc  add,  and  tboi  acain  viti 
«'a)M,  ■JiHvili'cd  is  niirir  acid,  i^  aiiJimcm  srairaJiBed  "whii  ranEU 
M<djk  MiiUhly  ^i)oT«d.  ana  txaninMia  otiiiUDtOfiealiTr  aooarding  tai  Uk 
anUifc'f  nrotiMt  inr  Lfai  nsijtaaca  tt!  irma. 

^V^fTTntii iTi m  iif  OhrouiiiUL — Atuiordiiu:  w  ^  L.  Leffiei,t  Go^ 
hrtuU.  >  nudJinc  n:  wciniksiiir  cLrnmiimi  in  sud  cr  inai  k  dtors  w 
^ti  ^wittK  vhT^-iQr  n-iu.  Uif  icmuiratiii  nf  aoia  und  itff  aoliniiiiL  and 
hHw  «'iU.  liii  niDjniiTjidt  (■'  Um  txiwat  nf  nemumcmiwte  emiiiin^  h 
I)-  nnnftbw;:^  U'  rauiit  (.  liluit.  tagHcnsoic  imaar  sxacLrr  litt  nont  aoc- 
jlibiniD'  R-  UinM  uM>t.  II.  un  wiki'mi.  and  'U'  BuitETkiti  idit  vaint  W' 
tthuuiiM.  n-im,  um  wiinuiii  n  .-utTomunL  inuad 

it  MT'.  lAfr  a.r.-.ii'mta  uuu  MiniL,  ouixr  aiummimaumK.    J:  x  nun'  tuKS^ 

i*it>.'>.)i>(u.Ti  ,1  iii.«m  n  t.  Ati-.nuiU.  \^it«  mu.  &  j 
tii.T>.-.>,  i:i,  ,K.*  r>.iwii)i-  «>^.;it(:u  td-  KmftrMrBi&  £  Tbt  jotniunuaa. 
ittii.  I  :.;:  ,..M:it.i'  rt  fia  imue^u'.  k  m:  ^niil.  r  b  jcsc  iimziiiiaaK 
'o-  •miK.uu*  ;i;t»»r,  .ij^  AT..  LR;  TtlRuti  ewiiTrurwM.  arrzi  sfts  ^ 
•.i.iii.v    ,-.    *ii'.ni,i,.^ir.    i^t::itMb       YTjite  ui^   lamtuos'  u:  imL  ki 

itt.>;.--»    'M4«a    .:.,     ,»■.     \.  ..,».,;r„ia;  r«-«  rnwi'niuu  «TiL  lum   ic  inic 

<*Uu.-,i.    »■-    *■,.>.>-...;.,:....    4.>    r:«rf»M«*r    tutor    OUr  T^H  VftsntOBt  t 

(tB^^acvi;  -.—...!■..■..     t-,  .-.    i^..,ir.  rwa-    msniDRi:   TfOaiiuR.     The 
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Af.-nr.iiui:  III  l\riiii'ii*  a  qnantiu-  inrrinc  fr'nn  O'll't  i"  i  jiir- 
of  llii'  samp'i'  is  iiissciTed  iu  liiirir  ariJ  of  spi-cific  rrai-iiy  l^i  ;: 
aftt-r  tin-  ix.'i'ss  ,>f  arj'.i  lia;  i-t-en  eii-eil-d  "nr  bnilinr.  tuoxLSti  i;:« 
)ii>:fts':;  1*  .iJ.'.i-.i  •,:■  jiriTiwiyii-  th*-  ui-u> :  -25  ^nuLcn-s  c-'  i;J-  *::: 
ilifvi  ,t.i..i-i:,  i",!.;  :!,(■  wi.oir  I'.ried  ai  SO'.     On  VKiiL,-  :":.*■   :r.f;  =j 


IV'Tfi-ii.-.rtt.ii.ii  z£  SLipixr  xc  BiEr-rmi&K  Siag- 
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Asli. — Burn  the  portion  of  coal  used  for  the  determiaatlon  of  moUlat^ 
at  first  over  a  very  low  flame,  with  the  crucible  open  and  inclined,  till 
free  from  carbon.  If  properly  treated  this  sample  cao  be  burned  dulIi 
more  quickly  than  the  dense  carbon  left  from  the  determinatioD  i: 
volatile  matter. 

Fixed  Ca)'?w7i.— This  is  found  by  subtracting  the  percentage  of  a- 
from  the  percentage  of  coke. 

The  cemmittee  would  recommend  that  the  heating  effect  be  cilii: 
lated  OD  the  basis  of  the  coal  burned  to  carbon  dioxide  and  rapo:- 
of  water  at  100'  C,  and  be  stated  either  in  calories  per  kilogramme  ^ 
English  heat-units  per  pound.  The  theoretical  evaporative  effect  is  - 
be  calculated  by  dividing  the  number  of  calories  per  kilogramme  bj 
536,  or  the  number  of  English  heat-units  per  pound  by  965,  In  either 
case  it  expresses  the  theoretical  number  of  kilogrammes  or  potuiili 
of  water  converted  into  steam  from  and  at  100°  C.  by  1  kilogntntinc 
or  pound  of  the  coaL 

Haber  and  Grimberg  *  use  platinised  asbestos  in  place  of  cnprom 
oxide  in  the  combustion  tube  for  making  a  combustion  of  coaL 

Detennination  of  Sulplnur  in  Coal.— G.  L.  Heath  t  present*  a 

short  study  of  methods  for  the  estimation  of  sulphur  in  coal,  and  a 
of  the  opinion  that  the  methods  of  Eschka  and  Hiindesliageii,  whidi 
involve  a  simple  ignition  at  low  temperature,  with  a  sulphur  abeorbanl, 
are  far  preferable  as  rapid  operations,  for  technical  work,  to  any  pltn 
necessitating  a  complete  fusion  with  a  consequent  solution  of  silj'.. 
The  two  preferred  methods  will  uniformly  furnish  accurate  result-, 
within  usual  limits  of  error  in  sampling,  if  the  operator  will  odIj 
exercise  a  little  judgment  in  certain  cases. 

With  anthracite  coal  and  coke  there  is  no  liability  to  err«r.  With 
Bofter  fuels,  especially  lignites,  the  materials  should  be  especially  wU 
ground,  well  mixed,  and  stirred  durin;,'  the  ignition  in  an  open  diU.. 
and  i(  the  proximate  analysis  and  the  appearance  of  the  ash  indicat'  - 
that  the  coal  contains  a  large  percentage  (over  3  per  cent.)  of  sglplm: 
as  pyrites  (or  calcium  sulphate  in  the  ash),  the  boiling  and  washin: 
should  be  continued  for  a  longer  time,  and  the  washed  residue  Sualli 
dissolved  in  acid,  and  qualitatively  tested  by  itself. 
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L— UNITED  KINGDOM, 

Xinwal  StetUtiCft- —  Aoocffdiag  to  tlie  official  r«part  of  Her 
M4JMtj-'e  Inspertor  of  HiiifiG,*  tb«  prodnctaon  <rf  eoal  in  Ute  United 
Kingdom  in  ISST  unonnted  to  202,129,931  touL  Tbe  iKadnctHO 
during  ttip  prerions  year  vu  ld5,361,26l>  tons.  Tlie  total  qnanti^ 
of  iron  ort>  raise^d  in  1897  wu  13.787,878  tona,  of  wliicb  10,009,940 
t«nf  vas  ohuuQFid  from  miseE  and  3,777,9^  tona  from  qiiarrie& 

The  productjon  of  pig  iron  is  1897  i£  affioally  Etja«d  to  haro  been 
S.79&,4fi.S  i/im.  The  estimaW  of  the  Brioidi  Inai  Tnde  AsodatioD 
«-w  S.7S9.+.S5  tons.     Thfo*  irere  380  ftiniaoea  in  Uatt. 

The  qiiMtJon  of  the  coal  prodoctian  and  eansmnptacB  of  tlw  Pacific 
ftnd  i-l)p  Far  Kahi  hae  hwoi  eonsidered  in  a  reomt  aitidct  Xl>c  pnaat 
nnnuKl  prodiK^Mon  ik  <»tintatad  al  23,000,00(1  ions,  ti  irliicli  half 
is  prn^iiz-pd  in  Brit.tah  possessions,  and  the  txpartt  at  ihe  United 
Kitipdoin  t.ri  t-hf  «»«st  of  tlir  Ctqie  of  Good  Hope  and  west  <tf  Cape 
Horn  «l  1,700.000  wns. 
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U.~A  USTIiALASIA.- 
Mineral  Statistics  of  New  South  Wales.— The  productiuu  : 

coal  ill  New  South  Walts  m  1897  is  officially  eUted  *  to  liiivc  W: 
4,383,51)1  tODs.  There  were  92  collieriea  affording  employinent  : 
D979  peraoiis.  There  were  also  produced  34,090  tons  of  Bogii' 
mineral  and  64,202  tons  of  coke.  The  amount  of  pig  iron  madf  "i 
3239  tons. 

Mineral  Statiatics  of  New  Zealand.— According  to  th«  Annnii 

Statement  of  the  Minister  of  Mines  the  production  of  coal  iii  ^^'^ 
Zealand  in  1897  was  840,713  tons,  and  that  of  mangwiese  ore  I> 

tons. 

Mineral  Statistics  of  Victoria.— According  to  tlie  official  retui^^  ■■ 

the  quantity  of  co:d  raised  iu  1897  amounted  to  236,277  tons. 

Mineral  Statiatics  of  Tasmania. — According  to  a  statem'': 

issued  by  the  Mines  Departmeut  the  production  of  coal  during  tho  b.. 
year  ending  June  30,  1898,  was  13,755  tons,  and  that  of  iron  ore 
404  tons. 


III.— ^  USTBIA-EUNGART. 

Mineral  Statistics. — The  Austrian  official  mineral  etatistiu  fut 
1S97  have  been  published.     The  principal  items  are  as  follows : — 

Hetria  Tom. 

Cold 10.492.700 

Brown  coa! '20.456,000 

Iron  ore I,ei3.000 

Pig  iron .         .  SS7,«» 

Tlie  output  of  iron  and  coal  has  rapidly  increased  of  late  yearcL 

Further  details  are  published  J  as  to  the  mineral  industry  of  jS 
in  the  year  189G.     In  Bohemia  a  good  deal  of  exploratory  i 
done  and  a  number  of  seams  of  coal  were  discovered,  and  ID  0 

*  AimiialRtporlof  Ike  Department  of  Mimtj^jioaj,  1898,  p.  25. 
+  Annual  Report  "/  the  Seorclary  far  Miua,  MelUourne,  ISHS,  p.  16. 
t  OtitfrrrieKitchrZtiUcKriftfiiTBerg-und  ffWtiemoMOi.  yoL  xItL  pp.  aSS-aff.Vl 
360,  378-3S0.  392-396,  42H-43fl,  439-141,  4.SS-45I>,  474-476,  imd  488-480, 
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Aartfu,  lAare  k  fire  led  to  ■iiliiiii  matu  lomug  thut  Bm.  ij 

1896  for  the  gettiig<r4 
II  BMtbgrad  333,  cl  wiaA  XSl  wm  Ktire.  Th«  pndaBtis  | 
MM  of  39-08  F 
Tb«  woricpMfile  caplojed  nnBtbered  45?2,  moiv  th&n  half  beio 
JmIo  Buaiiig  diitricL  The  prioe  oT  ih«  oil  diminished  i 
dwug  th«  jw,  bat  the  toul  -vbIdc  increMed  hj  ]6'23  per  o 
Scbodnki,  in  the  Drabobjcz  dntrict,  IU,908  tone  of  <nl  was  prodwtd  1 
daring  the  j«ar,  this  being  sppweotlj  cithet  the  hu;gest,  or  st  lew  I 
MM  of  the  Ui^eet,  prodnang  placesL  Uost  of  the  total  ontpot  « 
G«licu  for  fiirther  tnaiacnL  Hie  Torkings  iDcIaded  592  shsite.  X 
only  of  which  wen  getting  oil ;  sadnlao  1974  boreholes,  1185  of  nhi: 
were  pcodncing. 

The  Bniober  of  onokerite  wvohii^  was  70,  S3  of  which  wen  i 
sclive  opentMH,  and  the  wtnjadw  idle^  Tlte  prodaction  smoont'^ 
to  6373  tons,  a  daaiBitlioB  of  19S  tone  on  the  year.  The  workpeop.^ 
emplored  nambered  5689.  Tlie  vmlne  of  the  product  was  l,77G,So:i 
Anstriao  flonns,  say  £150,000. 

The  accidents  at  the  petrolevBi  and  on^ecite  workiDgi  dnring  l^% 
amootited  to  5^  15  of  whidt  wen  GttnL 

The  number  or  ire-danqi  exploneas  that  oeomed  in  Austria  in  ISS 
was  17.  These  led  to  the  deidhs  of  3  lunen,  while  3]  wen  aem^i 
ud  7  tligbtlf  injnnd.  Fire  of  theae  mxfkmam  wae  at  oollieries,  C  < 
farown-eoal  nuiies,  and  6  at  oil  wortiii^a.  Thirteen  of  theae  exploti^ - 
ooctnred  at  depths  not  exoeediBg  300  aMtns  (656  feet).  The  tan- 
diate  eaosee  of  these  eiploewait  was  statod  to  have  bseo  in  fin  US' 
the  sadden  outbniM.  of  gas,  and  in  fanr  haity  TtotBatioa.  T: 
gaeee  eanght  fin  in  nine  cnsos  owing  to  the  rae  of  aipen  lights,  m 
in  two  cases  to  petrolenm  6i*iffa^  on  the  win  ganne  of  the  Bsie'-j 
lamps. 


The  bw  Indnitty  of  AMStrii- — W.  Hnpfeld* 
present  position  of  Um  iron  indiiBcrT  uf  Aastiis.  The  li 
hare  shown  eonidetafafe  pragnsfi,  the  i 
grtientl  one,  and  not  oonfiDsd  to  s  few  bnochca  of  the  industry,  and  li. 
n  shnwn  bj-  stntistiics.  loctdentaQy  lufuinni  is  tnade  to  the  pns>: 
ti<vn  in  other  ooonuiss,  and  to  the  home  t—mniytimt.    He  oonpa^ 
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Hclric  Tdu.  Metric  Twia. 

Itr^wii  ami  ....        .        T-HeZTSi.  R.V».9ii 

""«i eeLasA  70L»9 

V"kt 116.6W  l*il»6 

M>rE>iiwort               .                                               TOl  62! 

Irti. «» {14.990  24T,(» 

It™  tnd  ino  -.r»               ...              41.S13  5a3ft4 

Full  ileiailfl  are  given  under  a  comidenble  Dumber  of  headings  u  to 
th«  variouK  il«mi. 

Tlie  import*  inclad«d  Ui«  foiioving : — 


Xfiric  Tow.  Uetrie  Tin*. 

BrciitnciMl 19,W1  19.60 

<-'«a    ...--.      .  M:4.3a  5.121.475 

'■nkt »L«SS  533.4S 

Mkiv«>«*  «* •-'^  8.018 

Iron  oi» inr.OlS  ISI.KS 

Iron  Bad  iroo  «UH      ....  m.SK  *1Z187 


It  will  be  seen,  the  anthor  •beerres,  that  lite  annna]  inneaw  in  tbe 
eicports  of  brovn  coal  still  continnes,  and  that  in  1897  it  was  as  mndi 
M  ab»ut  7  per  cent,  in  ezc«ns  of  the  exports  in  the  f/nviam  jcbl 
Nearly  the  whole  of  it — 99'fi  per  ceoL — it  sent  to  Gmnaiij.  In  coil 
and  wke  there  has  been  an  increase  in  the  eiiMnta.  In  the  caas  of  tht 
latter  (he  increased  exports  hare  been  to  Eossia.  He  imports  of  iioo 
and  iron  wares  hare  increased  hy  14,1M  tons,  or  7  per  eent.,  and  the 
exportn  1>t  8470  irnis.  or  30  per  cenL  i.~>f  the  imports  76  per  cent 
con«i>'t'>ii  nf  pi^  iron  and  scrap,  and  of  the  exports  30  per  cent.  Of  the 
imjuTts  55  per  cent,  was  fr<>m  the  Fnited  Kingdom,  94  per  cenU  of 
tiii-  n'lartity  fviniiKtinp  0:  pig  iron,  'erro-manganese,  and  scivp.  Of  ih* 
roniniTiiiii:  -tfi  p^r  cent,  nf  the  total  inaports  of  iron  and  iron  ware*,  £9 
por  '■eiit.  wa<.  fr-im  Gtrniai;).  Fifty-fiT*  per  cent,  of  the  6«nnui 
iiiiT  Tt-  ncT-  n!ii'ii''i.-iMn>s,  ■■in'y  -t-"!  per  cent  being  pig  iron  and  «cnp. 
'I  !»■-  •  xi'ir;^  wvr<-  .1-  fnli.-wi  ;  Ti-  Itnlv  21  per  tent.,  to  GennanT  1^ 
f.'t    i-.n'..  '<.  Koiimania  1.'>  per  cent.,  to  Kofsia  and  Serria  each  1^ 
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iv.—SKzeiux.  ' 

4««u)ii  *i  Uh-  |trndo(iaia)  of  vvar  oclBary  in  BelfiBm.  Is  1S97  lim 
«(««'  117  (ViltiMrHw  is  drr  Idni^dflDi,  dw  tctil  prndndaoai  KiuuiuiLuig  » 
t],l^.4»J<  Vin&.  nw  ingnRV;  vnv  2,017,000  uns,  and  1^  exftta 
\,i4^l*{Vi  vitit.  Tfar  nnR)  jimdoBDw  ooDiKy  me  BitJiiujv  wn^  ni 
Wl^l  fid"  >i^71  f>  »inL  TW  irnii  stmhr  imdatiaiiii  snagBwd  S4&TT4 
ViM  «i  irffl)  nn..  J,.{Ut]t.fl.^T  vmt^  sf  jvp  inm,  CLfilii  ma  of  -wnapc 
-IKQt.  «iid  fJfi.lMl]  i-nm  fif  JOnol  ii^>nK. 

Thr  nvft  omm-  auous  ra  ^tsktiinii  Sir  xfaf  £ib  IbiH  of  de  jinvu 
^wo^  «h(>«  liua  xht  nrtuliuaiiiii  nf  lup  mm  -■■■■■'"■^  »>  490 IHS  bbk, 
iitta  ni  -wnuyilV)  4nai  -a>  ^iRTiJUT  taut,  aac  ^ao  if  sari  iBgoB  it> 


V— ^-.^JCxJ/x. 
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Tlin  proiluctioD  of  buic  and  add  open-faeuth  at«el  ingoU  in  1897 
WM  IS,4(K)  tantL,  agitinsl  16,000  tons  in  1896,  and  17,000  tou  in 
|14!)A.  or  ihp  total  production  of  open-hearth  Et«el  in  1897  a  little 
1«»  ilian  ihn-i'-fifths  iras  made  by  the  acid  process,  Tue  prtidncboe 
of  o)vn  hNtrth  i^teel  rails  in  1897  amonsted  to  500  tons,  againit  6O0 
ton*  in  1S»<i ;  kImclUTa]  afaapes  4300  tons,  against  4540  toiu  in  1?9€  : 
rut-naiU  mail*-  hr  rolling-mills  and  su«1wortG  haTing  cat-uail  tteumei 
«>nn«vlp.J  «uh  their  plants,  202,933  kegs  of  100  lbs.,  against  196,971 
kftpi  in  li!>fi ;  platMi  and  (th(«t&,  aboat  2000  tons,  against  1830  uou 
in  lS!>(i ;  all  other  Tollod  prodocts,  exdoding  muck  and  acamp  bar, 
hloonij^  hillotK.  ahoca  hais,  A-c^  61,](<1  toofi,  a|:aiiist  5d,SKI  tont  is 
ISitfi.  I'^haritnif  thr  r4ji-nai]  jimdnraaan  from  keis  of  300  lbs.  to  uea 
M  tSiO  Ih^,  thr  Total  qaantilT  of  all  cinde  of  iron  and  ELeel  roQed  inU> 
finixlmd  prndurj^  in  tbr  X^nmimon  iti  18!lT,  ezElndinc  mnEt  md  wtnf- 
har.  hillKtiv  kr...  an>oiini4>d  to  77. 021  Xons,  a^unst  75,045  vaa  in  169f>. 
and  fif>.40S  lone  in  ISfiTi. 

Tlir  total  titmihtii  of  rnllini:-milb  and  staelwDi^  is  Canada  on 
INwninWi  ?tl.  ]R&'.  war  wnunmn.  Of  Oiw  tinmbsr  n  hasi  nhroe  wen 
iiltf  iliirny;  tbr  whnlr  oi  1897. 


JtWl  Tmdr  SWttetilHi— Tm    r-wi*,    a»  Jfirraa^*   oat  jnK  Wi- 
IfKlwt.  t.hi    1'>Mi.''J.  |PAi.  tnMli  uaustie-  io:  Uie  ms;  iwli  o:  3fiiti.     Tiit 

ItYAitnctliM     va>  a.-   lollilWr-  — 


•  aantr  wfrnv..  w«i»  ar  Toliowr  - 
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EjcporU, 

First  Half 
of  189a. 

MetiieT 
IriM«rai M7S,015 

In«da«B 13,380 

BMCifa«^grM^ 52,413 

PigirM 91,366 

Scrspircai 47,373 

k€. 20,021 

496,530 

157,077 

Total  of  all  Idiids 937,736 

Total  rafale,  £  «t«riiiig £13,896,800 


The  total  import*  of  iron  of  all  kinds  into  Germanj  cluing  the  yean 
1886-97  has  risen  from  266,738  to  691,584  tons ;  the  exports  haye 
advanced  from  1,594,946  to  2,036,463  tons ;  and  the  total  home  con- 
somption  has  increased  £rom  2,200,450  to  5,534,662  tons.  The 
calculated  consumption  per  head  has  increased  in  the  eleren  jesn 
from  104  to  230  lbs.,  and  the  production  per  head  has  increased 
from  166  to  285  lbs.  The  consumption  per  head  has  considerably 
more  than  doubled,  while  the  production  has  increased  bj  orer  70 
percent 

Mineral  Statistics  of  Prussia. — ^According  to  the  official  sta- 
tistics,* the  mineral  production  of  Prussia  last  jear  included — 

Tom. 

Coal 84,^3,393 

Brown  coal 2I,222,9U 

Asphalt 11,466 

Petroleum 2.600 

Iron  ore 4,183,536 

Manganese  ore 45,253 


Mineral  Statistics  of  Upper  Silesia. — The  mineral  statistics  of 

Upper  Silesia  for  last  year  have  been  issued  bj  H.  Yoltz  f  and  by 
Dr.  Leo4  There  were  fifty-five  collieries  in  operation  with  1002 
steam-engines,  and  an  output  of  20,636,653  tons  of  coal,  or  356'8 
tons  per  miner  employed.  The  forty-four  iron  ore  mines  produced 
414,671  tons,  and  afforded  employment  to  3195  workpeople. 

*  ZeiUchrifi  ftir  dot  Berg-  HUiten-  wnd  Sa/tnenvofn  m  prtuuitehen  StaaU^  roL  zlvi 
pp.  2  28. 
t  Stahl  und  BUm,  rol.  xviii.  pp.  574-575. 
X  Orntrrreirhinrhr  ZriUrhrift  fUr  Berg-  und  Biit>fnire9en,  vol.  xW.  pp  41S-421 


|«r|m^  f.tt.'Aefj  Mat  ai  ccaI,  ^m  2oO  imu  of  cok«  and  einder 

liM-.A  bnmnxra  .......  IsdaS 


And  li'44C  «~i:b  otber  M'n;i-[i;«iia;actDrei  prodaced  brought  the  total 
yniattioR  oi  netni-nianniaeiima  ut  aii,7ilo  meiric  (oiu. 

A  Urge  nmnbFr  of  deiATu  are  alio  giren  relating  to  the  otiier  pn- 
doct4  of  the  iron  ind  sit^l  works  and  roUing-mill  plants,  and  othff 
metaU  are  alw>  de&It  with. 

Mineral  Statistics  of  Bavam.— According  to  the  official  stuii- 
iM,'  th«  mineral  productioD  of  BaTaiia  in  1898  compriBed — 


Oolpat  in       Worliu*:ti 

Tool.  Ein|i|ojrd. 


CumI 17  917.021 

Lignite T  39,013 


The  metallurgical  ]iroductton  included — 

Uatric  Toni. 

I'iKiron 83,41S 

Uirrrt  ruling. 138 

C»t  iron 78,008 

WrouKht  iron 58,ai» 

Stml 115^529 

Mineral  Statistics  of  Thnrinifia-— The  retams  of  the  Imperial 

Statistical  Bureau  at  Berlin  show  that  the  condition  of  the  minenl 
industry  of  the  Thiinngian  States  in  1S96  wu  as  follows:  C<ul 
wan  pro'luced  froni  2  mines  with  125  miners  in  the  Duchy  of 
Mwiiiiigen,  and  from  1  mine  with  8  miners  in  the  Dnchy  of  Saze^obnrg 
<Tothn.  Brown  coal  was  raised  from  39  mines  with  1858  miners  in 
Snxp-Cohurg  Ootha,  from  1  mine  with  72  miners  in  the  principalitj  of 
ScliwarKl'Urji-Riidolstadt,  from  1  mine  with  63  miners  in  the  princi* 

■  O'Hrrrfi'J-it'lf  ^t-itK-biifl  flir  Btrp-  "wl  HWmoat^  Tod.  »W.  pp.  486-487. 


■  at  cannol  sliow  oertdfieifaf 


vrn. — ixDiA. 

Production  of  CoaL — Tfam  v«re  145  00*1  mines  in  opention  in 
Bnti>)>  ln<iia  in  1697.  of  which  128  w«n  located  in  BengKl.f  The 
'Hitpot  fmm  the  B«D^1  min^E  wu  repoit«d  lo  amoimt  to  3,143,497 
t4>n»:  1.11,fi39  t<.n*  were  raised  from  tlie  Centnl  Provinces  collierHt 
(M<i)i|4t)i  an4  Wari:in>:  1S5,533  tone  from  the  AEGsm  oollieries; 
]34.T7»<  loiK  from  Unuria  (Ceotnl  Indu);  92,793  tons  from  thr 
I>ati<iot  an-i  Rfaaeanwila  coUierie*  in  the  Punjab;  365,550  ton*  from 
the  Sinpireni  cxiUerr  in  the  Ntsuu's  terriloiy :  8876  tone  from  Um 
Khrntt  an'i  Shari^h  mines  in  BaJacbistAn ;  11,473  tons  in  the  Shwebo 
dittrict  in  llnrma.  The  annaai  ontpnt  aaA  the  anniber  ef  workpeople 
cmploynl  in  all  India  has  been  as  foUowa : — 


i«is          s.!ws.<Kn  ar.srs 

IWH •.89XS3  ■ttli'i' 

JSW.             3.!3T.8a>  57,919 

isnr.          3.»is,0]S  sLBse 

!«:■:                -tOC^tK  59.(69 


Tlir-  impnrtf'  n|  pnal,  rolce.  and  patent  fnel  in  1897-98  amounied 
>  :?t'<2.Slt  tnnt^.  v.nhied  at  Hx.  538.284.  In  ibe  preceding  Tear  tbe 
ncTt-  W.T.  404.960  t-ona,  valaed  at  Ex.  979.022. 

IvkHhii  (-on)  cx|>nrti>>i  by  sea  from  Bengal  has  been  as  followE : — 

ToCqioi 


■H9XI  T7.0I1  bisra 

32.943  Mr.T»  «u,9as 

H6.;M3  96,no  IJ6.TI9 

■>«8.n2  ie9.Ti»  SI2.ffiO 


■    H-r-l--  Trn'l-  Jih 
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1886. 


Tods. 

Navigation 247,130 

Railways 18,S06 

,  Factori'es 146,570 

Salt  works 455,794 

Total 867,800 


1896. 

Tons. 

740.753 

221,321 

1,188,563 

517.415 


2,668,052 


In  1895  there  were  1570  collieries  in  the  whole  of  Japan,  54,690 
miners  being  employed.  The  chief  shipping  ports  for  coal  are  on  the 
island  of  Kiusiu,  the  exports  from  these  being  last  year  as  follows: — 


Port.  Quantity. 

Tons. 

Nngas&ka 392,849 

Modji 672,155 

KaraUu 72,958 

Kutschinotsu 346,968 

Hakada 42 

Total 1,484,972 


Value. 

$ 

2,111,993 

3,771,690 

307,007 

1,650,974 

252 

7,841,916 


The  total  production  of  coal  in  Japan  in  1896  is  reported  at  5,249,919 
tons,  which  compares  with  4,772,654  tons  in  1895  and  4,268,135 
tons  in  1894.  The  exports  were  2,194,412  tons  in  1896,  against 
1.844,815  tons  in  1895  and  1,701,130  tons  in  1894.* 


XL— RUSSIA. 

The  Production  of  Iron  and  SteeL — The  total  prodaction  of  iron 

and  steel  in  the  Russian  Empire  during  1897  t  was  as  follows — 

Pooda. 

Pig  iron 113,982,.^i94 

Manufactured  iron 30,610,984 

Steel 52,963,928 

Thus  the  production  of  pig  iron  in  1897  exceeded  that  of  the  previous 
year  by  15,197,000  i>oods. 

The  importation  of  foreign  iron  and  steel  in  1897  was  as  follows : 
pig  iron,  6,238,000  poods;  manufactured  iron  and  steel,  24,294,000 
poods;  iron  and  steel  articles,  1,834,000  poods;  machiner}*,  4,545,000 

*  Eyifmierrtfuj  and  Mining  Jtmrnal,  toL  bdr.  p.  688. 

t  Goniy  Journal,  May  1898. 
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Toe  impoKa  of  pig  iroB,  iron,  and  au*!  in  1S97  exceeded  those  of  the 
previoos  j«*r  by  2  per  ceni.  Daiing  the  Ust  three  fears  they  bin 
been  as  fotiowa : — 


Mtiric  Tau.  Metric  Tout.  Melrie  Ton. 

Pil  uva  ^.i  cuiiofi .                                  133.000  75,000  IO2.000 

t'Daoikxi  •rcun^bi  iroc  kLd  ■:«!                 301,000  377,000  398,000 

MachiMiT  ID  i  ■ppannu  .                           »>.O0O  86,000  75.000 

Oiker  in>D  uid  lucl  muDfM)u«*    .           33.000  4S,000  30,000 


The  toUl  production  of  pig  iron   in   Russia,  and  the  total  inteind 
reqnirements,  hare  been  as  follows  during  the  past  five  years : — 


re^t. 

PnwuctioD. 

Metric  ToDt 
1.162,(100 
1^(13,000 

CooiamptioD. 

IM33 
1894 

Metric  Tod*. 
1,679.000 
2,093,000 
2.2HO0O 
2.415,000 
2,727,000 

1S96 

1,613,000 

i,sio,ooa 

It  will  be  seen  that  the  Kussian  Empire  consumed  over  a  millioii  tODS, 
or  62-7  per  cent.,  more  pig  iron  in  1897  than  it  did  in  1893,  and  that 
the  total  home  production  bad  increased  during  this  period  by  705,000 
tons,  or  61  jier  cent. 


The  Iron  ludastry  of  Russia. — S.  Kusuetzow*  remarks  that 
the  irou  industry  of  Russia  is  making  rery  rapid  progress.  Ten  yeus 
,'igo  it  occupied  the  tenth  place  in  the  world's  production  by  eoantries, 
but  now  it  has  exceeded  the  production  of  Austria- Hungary  and  Bel- 
gium, and  occupies  the  lif^h  place.  In  1897,  RuBsia  produced  1,860,000 
tons  of  pig  iron,  as  compared  with  1,615,000  tons  in  the  previous  year. 
This  represents  an  increase  of  upwards  of  15  per  cent,  on  the  year. 
With  the  increase  in  production  of  pig  iron  the  quantity  imported  has 
diminislier].  On  the  other  hand,  the  imports  of  iron  and  steel  have 
continui-'l  to  increase,  as  ihe  following  statistics  show  : — 


I.  43  :  Slahl  uiid  Sittn,  *i>L  zriii.  )ip.  5I3- 
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tons  of  malleAbfe  iron.  Tbe  ■aanfMsmre  of  wroaght  iron  in  heuths  it 
steadilj  diminishing,  and  in  tht  last  two  jtean  to  the  extent  of  9*5  per 
cent  The  exporu  to  Bassa  vere  greater  than  for  any  other  year 
since  1890. 

CoaL — ^L  Aumard  discosses  *  the  mining  industry  of  the  south  of 
Rnssia.  The  422,503  waggons  of  coal  despatched  from  the  collieries 
of  the  district  last  year  had  the  following  destinations  : — 


To 


VTrnggooM^ 


Per  Cent,  of 
Total. 


RailwajB 
Gaii^  works 
Steain*hi|«   . 
Smelting  vufiu 
Sugar  work* 
Various 


154.739 

113..7rt2 

»,221 

123.108 


30-28 
0-&4 
6-09 

27-70 
7-41 

27-88 


During  the  year  tlie  six  principal  iron  works  of  the  district  despatched 
61,912  waggons  of  iron  and  steel  (each  holding  600  poods). 

The  Adoption  of  Russian  Fnel  by  the  Baltic  Fleet. — Aeconl- 

ing  to  Professor  Alexeefi^t  the  Ministry  of  Marine  has  long  desired 
to  replace  English  coal  in  the  Russian  fleet  hy  Russian  coal,  and  in 
November  1896  despatched  their  representative  to  the  meeting  of 
South  Russian  coal-owners,  then  sitting  at  Khaii^off,  to  inquire  into  the 
possibility  of  their  supplying  a  sufficient  quantity  of  first-class  coal  for 
this  purpose.  They  answered  in  the  affirmative,  and  stated  their 
readiness  to  supply  the  fleet  with  coal  containing — sulphur,  0*75  to 
3*5  per  cent. ;  ash,  6  to  15  per  cent. ;  coke,  50  to  80  per  cent. ;  volatile 
matter,  15  to  38  per  cent.  The  proportion  of  large  coal  to  be  as 
follows : — 

Per  Cent. 

For  long  flaming  coal .60 

For  caking  coal 30 

For  aniithv  coking  coal 20 

Tile  limouut  of  moisture  was  uoi  tixed.  As  Professor  Alexeefi*  remarka, 
such  a  coal  would  be  far  inferior  to  English  coaL  More  recently  a 
series  of  experiments  have  been  made  at  the  Tgora  Works,  near  Peters- 
burg, upon  the  comparative  heating  capacity  of  Newcastle  and  Donetz 
coal,  and  gave  the  remarkable  result  that  the  steam-giving  capacity 

*  SociiU  da  Iryjenifurt  CVri/#,  voL  IL  pp.  350-354. 
t  Uorntj  Journal,  May  1898. 
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Coiafield. 


Bokeftburg  . 
Heidclberig  . 
Mid<}elbar|t;  . 
Lnd«nbttrg  . 
Othor  fields  . 

Toul 


Number  of 
Collieriea. 


13 

8 

18 

1 


42 


Output. 


Tons. 
1,152,622 

176,176 
SL657 

L,667,732 


Milieral  Statistics. — The  Minister  of  the  Interior  h&s  i»ublisbed 
the  Spanisli  minenJ  statistics  for  1S97.  Tbe  prodacdon  of  coil  is 
stated  to  hare  been  as  follows : — 

Metaric  Ttm^ 

Tkitaniinoaf>  ooiJ 2.01CLSIft* 

Ligrriirc- hUXl 

AuthnMute tLT^^C" 

Toui «Lii:^9ae 

The  total  for  the  previous  vear  was  1,923.255  1.0ns. 

Iroxi  Ok  KxpOrtS. — Official  Tetnms  have  been  iBSoed  showing 
the  e.xports  of  iron  ore  from  Spain  in  1S97.  The  qiisDiitie&  fihipi»ed 
at  the  difforciii  non*  were  as  follows : — 


Provuic* 


Alw#ru. 


Ton. 

llettncTo&k 

AinHKrih 

15i*.lS*r" 

warmclifc 

3lft».li54 

Uilhiu 

-i.fiST.Wfe 

T*«^v«ou 

:ib.a2f 

Inu; 

uso: 

T*MMipi» 

*»s^ 

Hn«*tri. 

SkJBS? 

^Ui«|rv. 

ti.-itf' 

MHrtwll^. 

-Cl?*!!- 

'  ^rtiMMmii: 

«;i.34;- 

A^raum.* 

Cl.T*' 

WaxAmni 

aLL*i4t- 

«Tncn. 

ar. 

Viff. 

»• 

>ttnYwrtrt«T 

3^.4r 

\  ■n*Tr>'  T~*^tT«iit*« 

4ttbJ»- 

S^  villi 

32:.«k- 

&d2  THE  IROS  AKD  STSEL  IXDCSTKIXS. 

of  ftimuw  JT^  1>l*it  wu  183.     Completa  KtMtMda  far  1897  ban  Jm 

llt^  foUoving  IE  a  summuy  of  ibe  pTindj»l  rauuno  of  prodmia 
KtttJUDf^  in  .1vi)f«  M.  Svuik's  report  for  1897 : — 

rwir... *.fiSi«t. 

itMwl -     r.l36.«K 

^r'uiauTkl  iibK)«t  ,.,...--         &KS  71K> 

n-iA  ud  aiippB UD:.a« 

All  roDoa  im  uid  cWel  eiaqB  nil*      ....     &J5S.B3e 
Worrod. irfi,n* 

7%r  fthipmmtt  ra    iron  an    izttm    laXe    Si^moot   »»»>~»«»tM  s» 

T%(   irun   U)C  tivpfO  Ti»  rod  prodncanii  of  lifif!    wa»  tjt^  hi:^ 
in  t.)ii    i.isTjirv    r>:  '.'iiki  iTiansCT  in  liif-  Fnjuid  SiikMs.     Tbe  uta.  i' 

MM^MiTu.  wi  aiKKifcx   i-:  I^i..7W>  wm^  or  tww  55  per  ocon^  •ver  l^i*. 
MIC  ;Tii.fiiif  wuj*  nv«r  iSSTi. 

i:.  Uti  miiu  W-ifw  ziM  sinC  mMOt  n.  1^(97  it  sbcni.     Tut  jrrwniwiii 
dM«  itfi  nu-.ttid)  Un  mut-  (C  mdiiit  uic  ramtak:  prpoes  siefeo.  viucC 


Tom. 

Tou 

Tom. 

T>^ 

r<nn<rlv«i.  . 

51.374 

ni,827 

364.675 

L.0£.«« 

4.58S 

446.622     ■ 

6L9» 

(.HhM-SUtM      . 

.         .         32.733 

64,966 

tsitee 

ie6,«s 

ToOJ 


SS.K6 


l,3Sa.l»         335,561 
I 


1,6CJ« 


Th^  mils  which  &re  known  to  h&ve  been  rolled  for  ebreet  wid  «lecbk 
railways  in  l(t97  MnonnW  to  122,2«  tons,  agftinsi  145,210  tow  id 
1896.  A  defrwk«e  of  22,966  tona. 

r.>or's  "M«nui,l  of  Railroads "  of  tbe  rnit#d  Statee  extends  liiii 
year  t^  U92  iia^es.  Ii  shows  that  in  1897  ihe  United  Sta.te«  rail»»n 
wfre  1 79.692  miles  in  length.  There  wct*  55,810  locomotive*.  Tbo* 
were  •*>04,106,525  pasio-ngers  carried,  and  788,385,448  tons  of  frrigni 
movdi. 

Iron  Ore. — •lohn  Birkinbine  states  that  the  prodncdon  of  iron  ore 
in  the  fnited  Statr«  last  year  was  pvater  than  trvtt  beforo,  exceeding 
as  il  did  17.A00.O()0  tons.  The  pronomon  taken  hj  each  dasi  of  or* 
was  a*  follf  "f  :— 

Ton*. 
R«J  hi.mBi.tr  ....     14.W0.OW> 

BroiFii  h»™-ti...         .    =.anD.tm< 

MKfmrtHr  l.man» 

R|«lhir  on   .  IMLOm 

OoaL — Tht-  total  [irodar.tion  of  coai  in  liie  Dnii«d  State*  in  lSf>7,* 
a»  filially  ascertained  tor  the  T'niusi  Stau«  Gwili^ca]  Smvey.  amoantM 
tn  ]7^7i1S.S44  tflns,  of  which  46,fcH,074  ioiie  were  anthracite,  and 
ISl. 955.270  i.iiK-  wpr<-  hiMmim.ui., 

Ooke.  .4i.'ci>niiiii:  to  E.  "n'.  Parik«r.t  tlir  iirDdofition  of  cck»  in  ^ 
l'nJN>d  ^i«|.es  inr  thi'  lasi  thrne  years  hat-  been  at  followa.  ilie  nnniber 
Hi'  r>vi>n>  heinp  tiho  civeij  : — 


iB-Vv  b;  wrln. 


1-  tkrnof^i,  tht  J>«.  ^K.  vd.  bdi.  Ke.  Ik 
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A    BUDilar    suminuy   ahoiring  tite    prodnctioii    of    pig  i 


E.472.14;! 

Kxa 

15.7fi(i 
l.tC>T.(<UI> 


Vaitfi  Suaeiirm  . 

IBW 

1«W 

Pniw*- . 

1WI7 

1MS7 

iHsr 

ibb: 

Ooftl.  1 .  Kiiimiwiwinr*'  iiuhiiaheE  am  ecanomir  madr  of  cop  wnrid't 
cnft!  sill >ti ill ■>..  Hi-  civr^  fEausaace  fnrxbt  difiermi  euonxriee,  exieudiac 
t^vrit  ■  ItTO''  nunilier  nf  yp.Br&  H<-  ^pwf  xhu  £iin^>t.  iriiicb  in  ItCO 
flin>t<li^<.  -Si  )>nT  f^Jii.  n;  ifai  pn«]  nsed.  in  3SST  einnib«d  ohk  6S  per 
mi)L.  I'liT  till  \-HTtiiiu^  rnnniTiw  Utc  pemem«ffe  shan-  in  ijk  warld't 
)*r(«iii.~:.irtli  w»j.  as  idlir^w^  115  ISTC  «ir:  in  ISflS  ; — 


An-iiv-Hnnn- 


TmivtTt^  tou;  St^MTtf  Af  IroL  fin  sbIl  2^  3nK — Tu  win:'*- 

:>:;■.      i.j.    fi'.-      c-,t,, •,:!".     trm,    .,nna«.  s'lHTrifr  — 
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Cost  of  IiabOQT. — A.  !..  Bawley*  coinpareE  tbe  chaii<;es  in  w^h 
in  France,  tlie  United  SUtes,  &nd  ihe  United  Kingdom,  from  IStb 
to  1891.  Ini/'r  alia,  il  is  found  that  average  nominal  or  mooev  rign 
in  1840,  expresseii  as  percentages  of  those  in  1891,  were — mining.  61 , 
iron,  77.  TJie  following  table  gives,  for  tbe  three  countries,  t)jf  ar«n°c 
nomin»t  wage?  of  all  workers,  as  percentages  of  those  in  1891  : — 


The  conclusion  michl  be  slated  rougblj  as  follows :  Keckomng 
from  1891,  real  wages  had  doubled  in  all  these  conntzies  in  less  tbu 
atiy-  rears,  and  indvased  by  one-half  in  less  than  twentjr  rean. 

*  PiipeT  reku  baf  ore  Lb>  Brituh 


ILlK^VDiS;.  A      "  AizRuf'iHuapfit  JnfHsifuueU  li^ut*    fTii*^  HiijiseHUiiL  'W'nTCf  Crini- 
}iuiT\.  Limrii^L..     lij tiKuTkitid     Ii;piHiaid. 'i^wttttsn. 

)iILilI.j:s.  I..  C.  II.     'Tilt  TDnuuffafmr^  tr  J^ith  €m£  rhiwi  ITwhsl  '      ■Kvu     fflai- 
I'-itttKi'r     TfiniiiuBiki  }*iiiiii«iiin£r  Oil      iF*nw:afe.' 

KLsLfl^fK   Ji      '^r^iidimrl,    air  Xm^r^Aokiaitkuudt..^     i«vii.  iiii.  wit;,  ▼•m.  iT>J 
iiiuitzruaiiiif  unt  i^t'iiiuHsK.    littrliL  .  ■«luim}'  inmitsB*.      ^^»-  44*^. 

5tiUi:«LK:K.  3.      *  ^iv  Twn^t  one  J—arjun  if  Ht^esmntnv  Wfttitita.  tr  jimatmi^.' 
Viiiiiutir  fc  C «.       JTiia  Jte»  tic. 

?NUUJ»  T.        *  Tit     -'ii^'*-/n-  _' •»«■?-   'r  /«-«:      Jntmun.    m    :^™  •«f--r- -£««Hf  • 
"'*/»<" 111 i#   1.    r«r  ♦*  :.  .#    JT'in  •*"   ' nmfHAtiutt  »r  JftAb*  t»*uu^   ^inuu*  nut 

i5v.'»»K»*   ..    V.       "  J*.-.-.'"         .Vi     /".«  4Aiu    ■^.-*'r     I' *rr5s    -r   it*     Twut^i    TWins 
:,'^  •■».*.      .-      (1      ".   •.  f  ■  r^'tminuf  -'#n«*      nu'    -'••rTua*    uA    j 


«.«••" 


mm'i.^Tt 
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